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RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE RADIO PHYSIC: 
LABORATORY, BUREAU OF STANDARDS, : ~~ 
WASHINGTON, JULY AND AUGUST, 1923* < 


9. 


Bv 
L. W. AUSTIN 
(CHIEF OF THE Капо PuysicaL LABORATORY, BUREAU OF STANDARDS, 
WASHINGTON, D. C 
(Communication from the International U nion of Scientific Radio 
Telegraphy) 


The observations for July and August afford some opportu- 
nities for a comparison of thissummer's result with the correspond- 
ing values of last year. 

Lafayette's change of frequency from 12.8 kilocycles per 
second (ke.) to 16.2 kc., mentioned in the May-June report, has 
been accompanied by an increase in signal strength in Washing- 
ton of about 1.6 times. As far as is known, there have been no 
changes other than the change in frequency to explain the 
Increase. 

This, together with some observations on shorter wave sta- 
tions, may indicate a distinct optimum frequency in the neigh- 
borhood of 16 kc. for northern trans-Atlantic communication, 
but of course it is still too early to draw definite conclusions on 
this point. 

The signal strength of Nauen, both in the morning and during 
the afternoon fading, is practically the same as in the correspond- 
ing months last year. The atmospheric disturbances are con- 
siderably lighter than in 1922. 


*Received by the Editor, November 3, 1923 
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А. М. P. M. 
Signal Signal 


Disturbance| Disturbance 


2.38 | 0.180 


0.854 0.028 


AUGUST 


5.20 2.19 
5.31 0.680 


Radio Physical Laboratory, 

Bureau of Standards, 

September 25, 1923. 
SUMMARY: Тһе signal strengths of the Nauen and Lafayette Stations, 


and the corresponding strength of the atmospheric disturbances in Washing- 
ton are given for July and August, 1923. 


THE RADIO EQUIPMENT OF THE STEAM YACHT 
"ELETTRA"* 


Bv 
Eric А. PAYNE 


(Marconr’s WIRELESS TELEGRAPH Сомгахү, Lrp.) 


The steam yacht “Elettra” was designed by Messrs. Cox 
and King, of London, and built by Messrs. Ramage and Fer- 
guson, at Leith, Scotland, being completed in May, 1904. She 
was originally the property of the Archduchess Maria Theresa 
of Austria, being then called “Rovenska,” and was used by the 
British Admiralty for naval purposes during the war. In the 
year 1919, she was purchased by Senatore Guglielmo Marconi 
and renamed "'Elettra." 

The principal dimensions are as follows: Overall length, 
220 feet (72.2 m.), length at water line, 198 feet (64.9 m.), beam, 
27 V5 feet (9.2 m.), and the depth, 16% feet (5.4 m.). The regis- 
tered tonnage is 232, gross tonnage 633, and the Thames measure- 
ment tonnage 693. Тһе vacht is driven by a triple expansion 
condensing steam engine. "The high, medium and low pressure 
cylinders have diameters of 16, 26, and 42 inches, respectively, 
and the stroke is 27 inches. Тһе nominal horsepower is 137, and 
the indicated horsepower is about 1000. 

There are two coal-fired boilers having grate surfaces of 95 
square feet area, and a total heating surface of 645 square feet. 

The working pressure for the main boilers is 180 pounds per 
square inch, and for the donkey boiler 120 pounds per square inch. 
The normal cruising speed is 10 knots, with the engine running 
at 90 revolutions per minute. Тһе consumption of fucl at this 
speed is about 12 tons per day, and a sufficient quantity may 
be carried for about 12 days, normal steaming. 

Sails are also used when the wind is favorable, as, apart from 
the speed gained, they assist іп steadving the vacht. Figure 1 is 
a view of the yacht, and Figure 1A shows the arrangement of 
the antennas. 

The main storage battery for lighting and supplying the radio 


* Received by the Editor, August 17, 1923. 
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when the dynamo is not running is situated іп the propeller 
shaft tunnel. It consists of 36 cells and has a capacity of 500 
ampere-hours. This battery is charged by a dynamo which is 
driven by a small steam set. A gasoline motor is also provided 
for use when the yacht is in port and there is no steam available. 
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Figure 1A— Rigging Plan of Steam Yacht “Elettra” 


A submarine signal receiver is fitted with which it is possible 
to tell from which direction the signal is coming. There are two 
microphones situated inside the hull, one on either side of the 
bow. By means of a throw-over switch, either of these may be 
connected to a battery and telephones located in the chart house. 
When in the vicinity of a signal station, the navigator listens in 
the telephones, and the microphone which is more directly facing 
the signal bell gives the louder response. The ship’s log has an 
electric repeater, whereby the distance travelled thru the water 
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is recorded on dials in the engine room and in the chart house. 
A powerful searchlight is fitted to the foremast, the light being 
supplied by an electric arc lamp. 

The yacht is navigated by a Sperry Gyroscope compass. 
The master gyro compass is installed below in a fairly central 
position, and the charging generator and motor alternator for 
revolving the gyro rotor, are placed in the engine room. The 
switchboard for controlling the various circuits is fitted near the 
master compass. 

One electrically operated repeater for steering purposes is 
located on the bridge, and another on the top deck for taking 
bearings of distant objects. By the use of this compass in con- 
junction with the radio direction finder, very exact navigation 
is effected. Figure 2 shows the yacht being steered by Sperry 
gyro compass. 


FIGURE 2—Steering by Sperry Gyro Compass 


VALVE TELEGRAPH TRANSMITTER 
This transmitter 18 worked from alternating current which 
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is supplied by а motor alternator driven from the yacht’s main 
lighting battery. The supply is 400 volts at a frequency of 300 
cycles. The filament current is supplied by small step-down 
transformers and 15 regulated by chokes with variable iron cores, 
operated thru gearing, by handles from the front of the trans- 
mitting panel. For the high tension plate voltage, the alter- 
nating current supply is stepped up by an oil-cooled transformer 
to 12500 volts, and then rectified by two 2-electrode valves. 
This transformer has a centre point tapping, and the valves are 
arranged for double rectification. A condenser of large capacity 
is connected across the output, and iron cored chokes are placed 
in series, and a fairly smooth and steady supply is obtained, of 
direct current at about 8000 volts. Figure 4A shows the 
connections of the rectifier circuits. 

This direct current, high tension supply is fed to three 
3-electrode valves, which have their plates connected in parallel. 
Each grid is connected to the reaction coil thru a separate con- 
denser and resistance, this reaction coll providing a variable 
coupling between the plates and grids. The plates are con- 
nected to the aerial inductance thru а blocking condenser, com- 
posed of four glass tube condensers. In series with the direct 
current high tension supply to the plates is an air-cored choke 
and between the supply side of this and the earth connection, 
another glass tube condenser is connected, for by-passing any 
high frequency currents which may have got thru the choke. 

Signaling is effected by simultaneously breaking the main 
transformer primary, and the grid circuit, by means of a relay, 
which is controlled by the hand-telegraph key, and operated by 
the direct current supply. Figure 4B shows the oscillator cir- 
cults. 

The handle of the safety gates of the transmitter is mechan- 
ically coupled to a switch, so that the power is cut off when these 
gates are opened. — Also, the act of opening these gates operates 
push rods, which discharge the smoothing condensers, so that 
the apparatus is safe to handle. 

Ammeters аге provided for reading the filament and plate 
currents. The power input to the transmitter is regulated by an 
iron-cored choke, connected in the primary cireuit of the main 
transformer. То compensate for the drop in voltage caused 
when the key is pressed, a small iron-cored compensating choke 
in the primary circuit of the filament. transformers is short- 
circuited by an additional contaet on the signaling relay. By 
means of a variable iron core, the value of this choke may be 
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adjusted so that the filament brilliancy is maintained constant 
during telegraphic transmission. 

The amount of coupling between the grid and plate circuits, 
and the position of the plate connection to the aerial inductance, 
are adjusted to give maximum aerial current, at the same time, 
keeping the plate current as small as possible. 

Any wave length from 200 to 3000 meters may be obtained 
by means of a variable inductance and series condenser; a rough 
adjustment being made by a tapping and the final adjustment 
by a variometer. 


TELEPHONY 


The same transmitter may be used for telephonic communi- 
cation when required. Modulation is effected by two valves, 
which have their plates connected to the high tension, direct 
current supply. The grids of these valves are coupled thru an 
iron-cored choke and battery to the filaments, and also thru a 
coupling condenser, to the plate of an amplifying valve. 

The plate current for this amplifying valve is also supplied 
from the same high tension supply, thru a large resistance, and 
its filament current is supplied from an accumulator, so as to 
ensure an absolutely steady emission. 

A microphone and battery are connected to the grid of this 
amplifier valve thru a small iron-cored transformer. 

Ammeters are connected in the plate circuits of both modu- 
lating and amplifier valves, so as to indicate the amount of modu- 
lation. 

The telephone transmitter is — by a remotely con- 
trolled relay, which changes the aerial from the receiver, lights 
up the modulating valves, and starts the main transmitter 
oscillating. 

In order to carry on conversation with another station, it 
is necessary to operate only one small switch, which controls this 
relay. Figure 3 shows the front of the transmitter, Figure 4 the 
rear view with the control relays, Figure 4C the modulator, and 
Figure 5 the complete layout on the yacht. 


МАІХ SPARK TRANSMITTER 


Power for the main spark transmitter is supplied by a motor 
alternator, driven from the direct current supply from the 
yacht’s battery. Alternating current of 114 kilowatts is supplied 
at a voltage of 200, and a frequency of 500 cycles. 

This voltage is stepped up by an oil-cooled transformer and 


13 


Figure 3—3 K.W. Valve Telegraph and Telephone Transmitter, Arranged 
for Inductive Coupling to Aerial 


FicunE 4-3 K.W. Valve Telegraph and Telephone Transmitter—Rear 
View Showing Control Relays 
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Гісове 4A—Rectifier 


Figure 4C—Modulator 
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Figure 3—3 K.W. Valve Telegraph and Telephone Transmitter, Arranged 
for Inductive Coupling to Aerial 


Figure 4-3 K.W. Valve Telegraph and Telephone Transmitter—Rear 
View Showing Control Relays 
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Ғісеке 4C—Modulator 
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supplied to a quenched spark рар of eight plates, thru suitable 
high frequency chokes. A mica condenser and flat spiral induc- 
tance form the primary closed circuit, which is coupled to the 
aerial circuit by another flat inductance, made of copper strip. 
The coupling is varied by altering the number of secondary turns, 
and the aerial is tuned by altering the tappings on other flat 
spiral inductances. By means of a switch which changes simul- 
taneously the primary and secondary tappings, the wave length 
may instantly be changed to 450, 600, or 800 meters. 


FicvRE 5—3 K.W. Valve Transmitter, Showing Motor Alternator 
and Aerial Inductance 


The signaling key is placed in the primary circuit of the power 
transformer. 

A hot wire ammeter is provided for measuring the aerial cur- 
rent, and a voltmeter for indicating the alternating current sup- 
ply voltage. 

Power to the transmitter is varied by altering the excitation 
of the alternator field, the number of plates in the spark gap 
being varied accordingly. Figure 6 is a view of the complete 
transmitter, and Figure 6A shows the connections. 


EMERGENCY SPARK TRANSMITTER 


For short distance working, and times when current from the 
yacht’s supply is not available, an emergency spark transmitter 
is supplied. This derives its power from a storage battery of 
twelve cells, which supply current to a small inductor motor- 
alternator having an output of 0.25 kilowatt at 800 cycles fre- 


16 


quency. This supply is stepped up to 2000 volts by a small 
transformer, and supplied to a quenched gap. 
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Кіссне €—1.5 K.W. Quenched Gap Transmitter 


This spark gap, a mica condenser, and a flat spiral inductance, 
form the closed circuit, which is directly coupled to the aerial 
circuit. Wave lengths of 300, 450, 600, and 800 meters may be 
obtained by a switch, part of which alters tappings in the closed 
circuit, and the other part alters tappings on the aerial inductance. 
Final tuning is effected by a variometer in the serial circuit. 
resonance being indicated by an ammeter in series with the 
earth lead. The power is varied by adjustment of the generator 
field, and by inserting an iron-cored choke into the primary of 
the transformer. Signaling is carried out by means of a tele- 
graphic key placed in the supply leads of the transformer. 
Figure 7 is a view of the transmitter, Figure 8 the motor alter- 
nator, and Figure 8A the connections of the set. 


SHIP TUNER ТҮРЕ RECEIVER 
This is a simple two circuit tuner in which the primary and 
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FicuRE 6A—1.5 K.W. Quenched Spark Transmitter 


secondary windings are auto-coupled by means of a small coil 
provided with tappings. А wave range of from 200 to 25000 
meters may be obtained by connecting various sized coils in the 
primary and secondary circuits by switches. 


Figure 7—0.25 К W. Quenched Spark 
Transmitter 


A continuous adjustment is obtained by variable condensers, 
that in the primary circuit being connected either in series or in 
parallel by means of a switch. А small fixed condenser may be 
also connected in parallel with the secondary condenser, in order 
to reach the maximum wave length. А coil of high impedance 
is connected across the antenna and earth terminals to by-pass 
any static charge from the aerial. The whole tuner is enclosed 
in a small copper-lined box, and is extremely compact for such 
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a wide range of wave lengths. Figure 9 shows the tuner, and 
Figure 9A the connections. 


DETECTOR-AMPLIFIER 

Radio frequency amplification, rectification, and low fre- 
quency amplification are all carried out by one four-electrode 
valve. The air-cored radio frequency transformer is pro- 


Fiavre 8—Motor Alternator for Emergency Transmitter 


FiaureE 8A—0.25 K.W. Emergency Transmitter 
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supplied to a quenched spark gap of eight plates, thru suitable 
high frequency chokes. A mica condenser and flat spiral induc- 
tance form the primary closed circuit, which is coupled to the 
aerial circuit by another flat inductance, made of copper strip. 
The coupling is varied by altering the number of secondary turns, 
and the aerial is tuned by altering the tappings on other flat 
spiral inductances. By means of a switch which changes simul- 
taneously the primary and secondary tappings, the wave length 
may instantly be changed to 450, 600, or 800 meters. 


Figure 5—3 K.W. Valve Transmitter, Showing Motor Alternator 
and Aerial Inductance 


The signaling key is placed in the primary circuit of the power 
transformer. 

A hot wire ammeter is provided for measuring the aerial cur- 
rent, and a voltmeter for indicating the alternating current sup- 
ply voltage. 

Power to the transmitter is varied by altering the excitation 
of the alternator field, the number of plates in the spark gap 
being varied accordingly. Figure 6 is a view of the complete 
transmitter, and Figure 6А shows the connections. 


EMERGENCY SPARK TRANSMITTER 


For short distance working, and times when current from the 
yacht's supply is not available, an emergency spark transmitter 
is supplied. This derives its power from a storage battery of 
twelve cells, which supply current to a small inductor motor- 
alternator having an output of 0.25 kilowatt at 800 cycles fre- 
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quency. This supply is stepped up to 2000 volts by a small 
transformer, and supplied to a quenched gap. 
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Figure €—1.5 K.W. Quenched Gap Transmitter 


This spark gap, a mica condenser, and a flat spiral inductance, 
form the closed circuit, which is directly coupled to the aerial 
circuit. Wave lengths of 300, 450, 600, and 800 meters may be 
obtained by a switch, part of which alters tappings in the closed 
circuit, and the other part alters tappings on the aerial inductance. 
Final tuning is effected by a variometer іп the serial circuit. 
resonance being indicated by an ammeter in series with the 
earth lead. Тһе power is varied by adjustment of the generator 
field, and by inserting an iron-cored choke into the primary of 
the transformer. Signaling is carried out by means of a tele- 
graphic key placed in the supply leads of the transformer. 
Figure 7 is a view of the transmitter, Figure 8 the motor alter- 
nator, and Figure 8A the connections of the set. 


SHIP TUNER ТҮРЕ RECEIVER 
This is a simple two circuit tuner in which the primary and 
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Е1совЕ 6A—1.5 K.W. Quenched Spark Transmitter 


secondary windings are auto-coupled by means of a small coil 
provided with tappings. А wave range of from 200 to 25000 
meters may be obtained by connecting various sized coils in the 
primary and secondary circuits by switches. 


Figure 7—0.25 К W. Quenched Spark 
Transmitter 


A continuous adjustment is obtained by variable condensers, 
that in the primary circuit being connected either in series or in 
parallel by means of a switch. А small fixed condenser may be 
also connected in parallel with the secondary condenser, in order 
to reach the maximum wave length. A coil of high impedance 
is connected across the antenna and earth terminals to by-pass 
any static charge from the aerial. The whole tuner is enclosed 
in a small copper-lined box, and is extremely compact for such 
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a wide range of wave lengths. Figure 9 shows the tuner, and 
Figure 9A the connections. 


DETECTOR-AMPLIFIER 


Radio frequency amplification, rectification, and low fre- 
quency amplification are all carried out by one four-electrode 
valve. Тһе air-cored radio frequency transformer 18 рго- 


Ғіасве 8—Motor Alternator for Emergency Transmitter 


Figure 8А—0.25 K.W. Emergency Transmitter 
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Figure 3—3 К.М. Valve Telegraph and Telephone Transmitter, Arranged 
for Inductive Coupling to Aerial 


Figure 4—3 K.W. Valve Telegraph and Telephone Transmitter—Rear 
View Showing Control Relays 
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Figure 4C—Modulator 
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supplied to a quenched spark рар of eight plates, thru suitable 
high frequency chokes. A mica condenser and flat spiral induc- 
tance form the primary closed circuit, which is coupled to the 
aerial circuit by another flat inductance, made of copper strip. 
The coupling is varied by altering the number of secondary turns, 
and the aerial is tuned by altering the tappings on other flat 
spiral inductances. By means of a switch which changes simul- 
taneously the primary and secondary tappings, the wave length 
may instantly be changed to 450, 600, or 800 meters. 


- 921%. 
FicvRE 5—3 K.W. Valve Transmitter, Showing Motor Alternator 
and Aerial Inductance 


The signaling key is placed in the primary circuit of the power 
transformer. | 

A hot wire ammeter is provided for measuring the aerial cur- 
rent, and a voltmeter for indicating the alternating current sup- 
ply voltage. 

Power to the transmitter is varied by altering the excitation 
of the alternator field, the number of plates in the spark gap 
being varied accordingly. Figure 6 is a view of the complete 
transmitter, and Figure 6А shows the connections. 


EMERGENCY SPARK TRANSMITTER 


For short distance working, and times when current from the 
yacht's supply is not available, an emergency spark transmitter 
is supplied. "This derives its power from a storage battery of 
twelve cells, which supply current to & small inductor motor- 
alternator having an output of 0.25 kilowatt at 800 cycles fre- 
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quency. This supply is stepped up to 2000 volts by a small 
transformer, and supplied to a quenched gap. 


Figure €—1.5 K.W. Quenched Gap Transmitter 


This spark gap, a mica condenser, and a flat spiral inductance, 
form the closed circuit, which is directly coupled to the aerial 
circuit. Wave lengths of 300, 450, 600, and 800 meters may be 
obtained by a switch, part of which alters tappings in the closed 
circuit, and the other part alters tappings on the aerial inductance. 
Final tuning is effected by a variometer in the serial circuit. 
resonance being indicated by an ammeter in series with the 
earth lead. The power is varied by adjustment of the generator 
field, and by inserting an iron-cored choke into the primary of 
the transformer. Signaling is carried out by means of a tele- 
graphic key placed in the supply leads of the transformer. 
Figure 7 is a view of the transmitter, Figure 8 the motor alter- 
nator, and Figure 8A the connections of the set. 


SHIP TUNER ТҮРЕ RECEIVER 
This is a simple two circuit tuner in which the primary and 
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Кіссне 6А—1.5 K.W. Quenched Spark Transmitter 


secondary windings are auto-coupled by means of a small coil 
provided with tappings. A wave range of from 200 to 25000 
meters may be obtained by connecting various sized coils in the 
primary and secondary circuits by switches. 
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А continuous adjustment is obtained by variable condensers, 
that in the primary cireuit being connected either in series or 1n 
parallel by means of a switch. A small fixed condenser may be 
also connected in parallel with the secondary condenser, in order 
(о reach the maximum wave length. A сой of high impedance 
Is connected across the antenna and earth terminals to by-pass 
any static charge from the aerial. Phe whole tuner is enclosed 
in a small copper-lined box, and is extremely compact for such 
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а wide range of wave lengths. Figure 9 shows the tuner, and 
Figure 9A the connections. 


DETECTOR-AMPLIFIER 


Radio frequency amplification, rectification, and low fre- 
quency amplification are all carried out by one four-electrode 
valve. Тһе air-cored radio frequency transformer is pro- 


Figure 8—Motor Alternator for Emergency Transmitter 
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Figure 8А--0.25 K.W. Emergency Transmitter 
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vided with three tappings, so that good amplification is obtained 
over the whole range of. wave lengths. The signals from the 
tuner are apphed to the inner grid circuit, and amplified into the 
outer grid специ and primary of the air core transformer. From 


GRID 


EPERE yb l 
REL dl 


Гісеке 9 X—" Tuner 


the secondary of this transformer thev are rectified in the plate 
arewt, and transferred back to the inner grid circuit by wav of 
the iron cored transformer. The amplified signals are then re- 
ceived by telephones in the outer grid eireuit. Both the primary 
and secondary of the iron-cored transformer, and also the tele- 
phones, are shunted with condensers for by-passtng the radio 


frequencies, 


A grid potentiometer and filament resistance are provided 
for controlling the point of working on the curve and the strength 
of signals. Figure 10 is a view of the amplifying detector, and 
Figure 10A shows the connections. 


Кісске 10—Amplifving Detector for Receiver 


Гіеске LOA—Amplifier- Detector 


LocaL OSCILLATOR 

For the reception of continuous waves, beat reception is em- 
ploved. One valve is arranged О, ЕТІСТЕР oseillations on all 
wave lengths from 200 to 25000 meters, by using flatlv-wound 
coils tightly coupled together. Four рап» of coils cover the com- 
plete range of wave lengths, and continuous adjustment 1s ob- 
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tained by a variable condenser, which may be connected across 
either the grid only, or across both coils. By this means, two 
wave length ranges are obtained for each pair of coils. 

The coils are enclosed in an ebonite box and may be plugged 
in as required, each box containing two pairs and being reversed 
for changing the wave range. A small rotatable coupling coil is 
arranged in the vicinity of the coils in order to couple the oscil- 
lator to the receiver. Figure 11 is a view of the local oscillator, 
and Figure 11A gives the connections. | 
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Fiıcurs 11—Loca! Oscillator for Receiver 
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Figure 11A—Oscillator for Local Oscillator Reception 
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THE RADIOGONIOMETER 
AERIALS 


The special aerials for the direction finder are suspended over 
the bridge from a Jumper stay running between the two masts. 
There are two triangular loops, one with its plane in the fore 
and aft line of the ship and the other athwartships. The 
four leads from these two loops are brought down thru lead- 
covered non-inductive cables into the chart room below, and led 
to the instrument, a view of which is shown in Figure 12. The 
antenna, direction finder, and tuner are shown in Figure 12A. 

The width of each loop is 24 feet (7.87 m.) and the height is 
34 feet (11.15 m.). 


GONIOMETER 


The goniometer is wound with two field coils at right angles 
to one another, one being connected to the fore and aft loops and 


Figure 12—The Direction Finder 
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Figure 12A—Direction Finder Aerial and Circuits 


the other to the athwartships loop; these are plainly shown in 
Figure 13, which is a view of the goniometer unit. 

Within these two field coils a rotatable search coil is placed, 
the spindle of which is attached to a pointer which moves over 
a circular scale, graduated in degrees from 0 to 360. 


Figure 13—View of the Goniometer, Showing Field Coils 
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TUNER 


The search coil is tightly coupled thru a transformer to the 
amplifier, the secondary of this transformer being tuned by a 
variable condenser. A tertiary winding on this transformer is 
connected from the centre points of the field coils, and thru a 
damping resistance to earth. 

A range of from 300-4000 meters may be obtained by using 
three differently wound transformers, any of which may be 
brought into operation by means of a switch. 


AMPLIFIER-DETECTOR 


The radio frequency amplifier emplovs four valves. These 
are coupled together by air cored transformers, which are wound 
with high resistance wire so as to have a fairly flat resonance 
curve and give good amplification over the entire range of wave 
lengths used. The potential of the grids is adjusted by a poten- 
tiometer and the filament brilliancy by a variable resistance. 

One valve is used as a rectifier and one as a low frequency 
amplifier, these being coupled by iron-cored transformers. 

The low frequency amplifier may be cut out by a switch if 
the signals are too loud. Figure 14 is a rear view of the amplifier, 
and Figure 14A shows the connections. 


GENERAL 


A relay is fitted which connects the four aerial leads to earth 
when the instrument is not in use. By operating a switch, the 
instrument may be used as an ordinary receiver, using the whole 
aerial system as a vertical aerial. This gives a uniform polar 
diagram and is useful for standing by. For direction finding, 
the effect of the two loops is used, this giving a figure-of-cight 
polar diagram. 

For finding the actual sense of the direction, the effect of the 
two loops is combined with that of the vertical aerial system, 
thus giving a cardioid polar diagram. 

Either of these methods of reception may be employed by 
the operation of the single switch shown in the diagram, Figure 
12A. The switch at position A gives a uniform polar curve; at 
B a cardioid, and at С a figure-of-eight diagram. 


OPERATION 

To take bearings with the instrument, the station, the bear- 
ing of which it is desired to find, is first picked up, using the 
stand-by position, and tuning on the variable condenser. Аз 
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Figure 14—Amplifier for Direction Finder, Rear View 
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Figure 14A—Amplifier-Detector 


soon as the signals are heard, they are rapidly tuned in and then 
the switch is put over to the position for using the two loops. 
The strength of the signals is adjusted to a suitable value by 
altering the filament brilliancy or by cutting out the low fre- 
quency amplifier, and the pointer of the goniometer is swung 
around the position where signals are a minimum strength, and 
two points at which they are of a similar strength are noted; the 
mean of these two points is taken as the bearing required. 

If possible, several sets of readings are obtained, and an 
average taken. Altho the sense of the direction is usually ob- 
vious, this may always be checked by switching on the eardioid 
polar diagram, the sense then being indicated by a small pointer 
attached at right angles to the other pointer. From this descrip- 
tion it sounds as if the taking of a bearing were a lengthy process, 
but actually, it is a matter of seconds. 

Any known error of the instrument is, of course, allowed for 
before the reading is given to the navigating officer. Figure 15 
is a view of the direction finder situated in the chart room of the 
yacht. 
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Fiaure 15— Direction Finder Located іп Chart Room 
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SUMMARY: А description is given of the continuous wave telegraph, tele- 


phone, and main and emergency spark transmitters, and of the receivers and 
radio goniometer of the steam yacht ''Elettra."' 
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THE DEVELOPMENT OF THE STANDARD DESIGN FOR 
SELF-SUPPORTING RADIO TOWERS FOR THE UNITED 
FRUIT AND TROPICAL RADIO TELEGRAPH 
COMPANIES* 


Bv 
ALBERT W. BUEL 
(CONSULTING ENGINEER, UNITED Fruit Company, Капо DEPARTMENT, 
NEW Yonk) 

This paper ік largely collated from records of designs, con- 
struction, maintenance, reports on failures, reconstruction and 
reinforcement of some 20 or 30 radio towers, built by the United 
Fruit Company and the Tropical Radio Telegraph Company, 
between 1906 and 1923, and some other designs for towers from 
100 ft (30.5 m.) to 1,000 ft. (305 m.) high. It has been prepared 
at the request of Mr. George S. Davis, General Manager of the 
Radio Department of the United Fruit Company and of the 
Tropical Radio Telegraph Company, to whom the author is 
indebted for much assistance, advice, and consultation, and for 
the photographs used in illustrations. | All of this work since 1911 
has been under the personal direction of Mr. Davis, exeept that 
the original design of the 200 ft. (61 m.) towers made in 1906 and 
the 50 ft. (15 m.) extension added іп 1910 came under his prede- 
cessor, Mr. M. Musgrave. То Mr. Davis is due the credit. for 
the adoption of the three-legged or ‘triangular tower and for a 
number of important improvements in details. 


THE PROBLEM AND SUGGESTIVE PRECEDENTS 


In June, 1906, Mr. Mack Musgrave, then Superintendent of 
the Fruit Company's telegraph service, brought his radio tower 
problem to the author, who had designed bridges and other 
structures for that Company. He wanted 200 ft. (61 m.) towers 


*Received by the Editor, May 3, 1923. 

For the information of our readers, the following articles on towers and 
masts for radio antenna supports have appeared in the PROCEEDINGS OF THE 
INSTITUTE OF RADIO ENGINEERS: 

В. А. Weagant, “Design and Construction of Guy-Supported Towers for 
Radio Telegraphy," volume 3, number 2, June, 1915, page 135. 

C. F. Elwell, "Wooden Lattice Masts," volume 3, number 2, June, 1915, 
page 161. 

С. Е. Elwell, “Тһе Rome Radio Station of the Italian Navy," volume 5, 
number 3, June, 1920, pages 193-196. 

In conjunction with Mr. Buel's paper, these should be of material assist- 
tance to radio station designer.— EDITOR. 
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to carry 20 antenna wires equivalent to number 10 copper wire! 
in size, with a span of 300 ft. (91.5 m.) between 42 ft. (12.6 m.) 
yard arms. Не had a fabricator’s design and estimate for 200 ft. 
(61 m.) towers, 14 ft. (4.6 m.) square at base and at top—rectan- 
gular in elevation—but the weights and cost were much higher 
than they were then willing to accept. 

There were not then many precedents for steel towers, out- 
side of viaduct towers (of which the author had recently designed 
some 230 ft. (70 m.) high), and of the Eiffel Tower in Paris. It 
was obvious that the curved outline of the legs of the latter tends 
to reduce the weight of the bracing—(horizontal struts and diag- 
onals)—and also of the surface area exposed to wind. 

In his discussion of a paper on the Kinsua Viaduct on the 
Erie Railroad, the towers of which were designed without diag- 
onals, Mr. Gustave Lindenthal suggested the use of rod diagonals 
to reduce the bending stresses in the legs and struts without 
sacrificing the advantages of the design under discussion. (‘“Trans- 
actions of the American Society of Civil Engineers," volume 
XLVI.) This suggestion had been adopted by the author for 
the 230 ft. (70 m.) towers of the Las Vacas Viaduct in Guatemala 
with considerable success, demonstrating the advantages of 
adjustable rod bracing in special cases, notwithstanding its 
practical abandonment by most structural stcel designers for 
important structures for many years past. 

With these points in mind, it will be readily seen how the out- 
line of the original design for the 200 ft. (61 m.) tower quickly 
took form, with its curved legs and rod diagonals. Figure 1 
shows the completed design from which ten or more towers were 
built, some of them with the 50 ft. (15 m.) extension, also shown 
in the figure. This was added in 1910 without increasing any of 
the sections below and without consulting the designer, who did 
not know of the increase in height to 250 ft. (76 m.) until after 
one of the towers failed in the hurricane of 1914. Some of these 
towers, extended to 250 ft. (76 m.) were used in a four-tower 
station, 300 by 600 ft. (91.5 by 183 m.) eenter to center of towers, 
with messenger cables in the 300 ft. (91.5 m.) spans and the an- 
tenna wires on the 600 ft. (183 m.) span. This increased the wire 
pull from the design load of 2,000 Ibs. (920 kg.) to 7,000 lbs. 
(3,220 kg.), and the resulting moment at the base from 400,000 
ft. lbs. (56,000 kg. m.) to 1,750,000 ft. Ibs. (240,000 kg. m.), or 
437.5 percent. Still these towers stood up until a really violent 
hurricane came along in 1914. Some of the first 200 ft. (61 m.) 

! Diameter of number 10 wire =0.102 inch 20.259 cm. 
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towers are still in service, and it was their excellent behavior іп 
high winds that was, no doubt, responsible for the increase in 
height and wire pull without increase in sections. Figure 2 shows 
two of these towers at Puerto Limon, Costa Rica, and Figure 3 
the tower at Bocas del Toro, Panama. 

As might be expected from an examination of the design, the 
towers are very flexible. We have come to recognize this as a 
desirable feature, but it was not appreciated at the time. The 
effects of flexibility will be referred to in another place. 


FIGURE 2—General View of the United 
Fruit Company Station, Limon, Costa 
Hica, 1923 


А story has been told about one of the original 200 ft. (61 m.) 
stations, that the flexure of the towers was so considerable as to 
cause alarm, to the extent that steel guys were put on. One day 
а hurricane came and (һе first thing it did was to break the guys 
but the towers stood. "Then it carried away the station build- 
ings and the crew went under the towers for protection. 

The 1906 design was made to keep the cost as low as possible, 
and this controlled shop details as well as weights, of course 
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limited by considerations of safety. This will explain the use 
of the economical but not entirely satisfactory hitch of the 
diagonal rods. The first towers were insulated at the base of 
the legs and were all galvanized, but both of these features have 
been omitted in later designs. Тһе records of costs of main- 
tenance covering a period of fifteen years show that frequent 
painting is cheaper than galvanizing. Moreover, 1/16 inch 
(0.16 сіп.) of steel is about as good for protection as the thin 
film of zine. In all recent designs the minimum thickness of 
metal is 5/16 inch (0.79 em.) for locations in the tropies or near 
the sea coast, and 1% inch (0.63 cm.) for the interior in dry 


Figure 3—United Fruit Company Station, Bo- 
cas del Toro, Panama, 1904. First Radio Sta- 
tion to be erected in Central America 


climates. All these towers have bolted field connections with 
ordinary rough bolts, not turned, which have proven satisfac- 
tory. They are inspected annually and repainted when required 
—on an average, about once every two years. 

The original towers weighed 22.5 tons (21,000 kg.) each, and 
with the 50 ft. (15 m.) extension, added in 1910, 26 tons 
(24,200kg.). 
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THREE HURRICANE WRECKS AND RESULTING DESIGN IMPROVE- 
MENTS 


In 1914, Swan Island was swept by a hurricane which wrecked 
the upper part of tower number 4 (Figure 4), the lower 75 ft. 
(22.8 m.) remaining standing and not damaged. The other 
three towers were not injured. The reports of this wreck were 
‚ hot in sufficient detail to give a very definite idea of the intensity 
or character of the force that wrecked the tower. As three of 


Ғісуне 4—Tower, United Fruit Com- 
pany, Swan Island Station, blown down 
in hurricane, June 6, 1914 


the towers and nearly half of the weight of steel in the fourth 
remained in place and serviceable, and as the excessive cost of 
general reinforcing in the field had to be considered, together 
with the fact that we really had no reliable data on what wind 
force would have to be met in a tropical hurricane, it was decided 
not to attempt general reinforcement to resist hurricane force, 
but to make the towers good for the ordinary high wind of 30 
lbs. per square foot (14.7 kg. per sq. m.), or about 90 miles per 
hour (144 km. per hr.), and for the 7,000 Ibs. (3,220 kg.) pull of 
the messenger cables at a height of 250 feet (76 m.). 
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In computing wire pull and sag under wind loads, we take 
into account the elastic stretch of the wires and cables and de- 
flections of the towers. Some consideration of this problem will 
make it apparent that these elastic changes have a remarkable 
influence on the wind increment in wire pull, especially where 
messenger cable systems are used. In some cases only 17 per- 
cent of the wind load on wires acted to stress the towers, the 
other 83 percent being compensated by deflection of towers, 
. stretch of wires and cables. and consequent increased вар. This 
taught us two things: first, the advantage of flexibility in radio 
towers, which is increased by the curved legs; and, second, that 
the sag of mat under no wind can be so fixed that at maximum 
wind the pull will not exceed a fixed figure, at the same time 
allowing a greater average height or less sag under no wind. 

It is probable that flexibility was largely responsible for these 
towers standing up as long as they did, under wire-pull moments 
over four times those for which they were designed. 

Retaining the 50 ft. (15 m.) extension added in 1910, and the 
messenger cable pull of 7,000 lbs. (3,220 kg.), there was no 
economical way to avoid the use of guys; but by hitching the 
guys at a point as far below the top as the strength of the mem- 
bers permitted, we retained considerable flexibility and reduced 
the length of the guys. This point worked out at “U”, Figure 5, 
230 ft. (70 m.) above the base.The guys were run at an angle 
of about 30 degrees from the vertical, down to concrete anchors 
in the ground, and were placed only on the outside of the mat 
at an angle of 90 degrees to each other in plan, so as to resist 
the resultant pull of antenna wires and messenger cable, as shown 
in Figure 5. (Guys in the quadrant under the mat were not 
permitted.) 

The leg sections P-T were deficient in strength and were 
made heavier for the new sections of tower number 4. In the 
other three towers new horizontal and “K” bracing was intro- 
duced between P and Q, as indicated in Figure 5, to reinforce these 
members by reducing the unsupported length of the columns. 

With the towers thus guyed and reinforced the station (Figure 
6) remained in service until an exceptionally severe hurricane 
swept Swan Island in 1916. Even then the towers stood until 
the antenna wires went out and an open hook of a messenger 
cable turnbuckle opened up, leaving the tower without support 
or assistance from the guys where the latter were to leeward. 

The estimated velocity of the wind in this hurricane, accord- 
ing to the most reliable reports, was 130 miles per hour (208 km. 
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In computing wire pull and sag under wind loads, we take 
into account the elastic stretch of the wires and cables and de- 
flections of the towers. Some consideration of this problem will 
make it apparent that these elastic changes have a remarkable 
influence on the wind increment in wire pull, especially where 
messenger cable systems are used. In some cases only 17 per- 
cent of the wind load on wires acted to stress the towers, the 
other 83 percent being compensated by deflection of towers, 
stretch of wires and cables. and consequent increased sag. This 
taught us two things: first, the advantage of flexibility in radio 
towers, which is increased by the curved legs; and, second, that 
the sag of mat under no wind can be so fixed that at maximum 
wind the pull will not exceed a fixed figure, at the same time 
allowing а greater average height or less sag under no wind. 

It is probable that flexibility was largely responsible for these 
towers standing up as long as they did, under wire-pull moments 
over four times those for which they were designed. 

Retaining the 50 ft. (15 m.) extension added in 1910, and the 
messenger cable pull of 7,000 Ibs. (3,220 kg.), there was no 
economical way to avoid the use of guys; but by hitching the 
guys at a point as far below the top as the strength of the mem- 
bers permitted, we retained considerable flexibility and reduced 
the length of the guys. This point worked out at “U”, Figure 5, 
230 ft. (70 m.) above the base.The guys were run at an angle 
of about 30 degrees from the vertical, down to concrete anchors 
in the ground, and were placed only on the outside of the mat 
at an angle of 90 degrees to each other in plan, so as to resist 
the resultant pull of antenna wires and messenger cable, as shown 
in Figure 5. (Guys in the quadrant under the mat were not 
permitted.) 

The leg sections P-T were deficient in strength and were 
made heavier for the new sections of tower number 4. In the 
other three towers new horizontal and “К” bracing was intro- 
duced between P and Q, as indicated in Figure 5, to reinforce these 
members by reducing the unsupported length of the columns. 

With the towers thus guyed and reinforced the station (Figure 
6) remained in service until an exceptionally severe hurricane 
swept Swan Island in 1916. Even then the towers stood until 
the antenna wires went out and an open hook of a messenger 
cable turnbuekle opened up, leaving the tower without support 
or assistance from the guys where the latter were to leeward. 

The estimated velocity of the wind т this hurricane, accord- 
ing to the most reliable reports, was 130 miles per hour (208 km. 
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рег hr.), and computations of the ultimate strength of the leg 
sections in which initial failure took place, indicated a velocity 
of 137 miles per hour (219 km. per hr.). For these computations 
Tetmajer's formula, f = 44,000 —162.l/r, was used. This formula 
has proven most reliable for columns of this particular type; 
some tests planned by the author and made at the Allegheny 
Arsenal station of the Bureau of Standards are given on page 
600, volume LX XVI, “Transactions of the American Society 
of Civil Engineers," showing an agreement between computed 
and actual test loads closer than four percent, and closer than 
one percent, if totals of all tests are compared. If secondary 
stresses were not all given sufficient weight, the error would 
result in too high a figure for the indicated velocity, therefore 
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ЕтоовЕ 6—United Fruit Company, Swan Island Station before 1916 hurricane 
and as re-erected 


the true velocity may have been somewhat less than 137 miles 
per hour (219 km. per hr.), but could not have materially ex- 
ceeded that figure. 

This storm mowed down a cocoanut palm grove 25 years old, 
with trees 18 inches in diameter—fairly conclusive evidence that 
its intensity had not been exceeded during that time. Figures 
7 and 8 show this grove before and after the storm. 

The hurricane started early in the morning, out of the North 
or Northeast. Between 8.00 and 8.50 A. M. it had gotten around 
to East by North, when the antenna wires broke loose from the 
messenger cable between towers 1 and 4, and an open hook of 
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FicunE 7—View іп Cocoanut Grove, 
Swan Island, prior to 1916 hurricane 


a turnbuckle on this cable opened up, leaving tower number 
1 without support. The wind being nearly East, tower number 
1 collapsed. Towers 2 and 3 collapsed several hours later, when 


Figure 8—Cocoanut Grove after hurricane (1916) 
86 


the wind had swung around into the Southeast quarter. The lay of 
the wreckage of these two towers indicates a wind from the South- 
Southeast, but if the messenger cable was still in, it may have 
anywhere in the Southeast quarter. 

Tower number 4 remained standing. Its upper stories had 
been rebuilt the previous year with a few members made heavier, 
but it was not constructed to stand hurricane force, nor even 
а 90-mile-per-hour (144 km. per hr.) blow without support of the 
guys and messenger cable. It was evidently saved by the fact 
that the wind did not get around into a quarter where the guys 
could not lend it their support. If the turnbuckle hook had not 
opened up, possibly tower number 1 would not have been 
wrecked. 

Figure 9 shows clearly the column buckle in story Q-R, just 
above the reinforcing “К” braces added in 1914-15. The bends 
at panel point H, Figures 10 and 11, are plainly due to the pull 
of the falling upper sections and in no way resemble the buckling 
caused by column flexure. 
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after hurricane of 1916 


Figure 9—Tower 1, between “О” and “8 


Figures 12, 13 and 14, show that towers 2 and 3 failed first 
by column buckling in story O-P, just below the story reinforced 
with “К?” braces. 

Figure 15 shows how the falling tops tore and stripped the 
lower stories from P to H. In no place is there any indication 
of column failure or tension failure between P and H, except the 
tearing clearly due to the stripping effectof the falling tops. 
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The sequence of the occurrence during the collapse may be 
closely read from the illustrations as follows: 

1. The failure of messenger cable between towers 1 and 4, 
the wind being nearly East, depriving tower 1 of support from the 
East guy of tower 4, the leeward legs in story Q-R buckled. 

2. ‘The top sections above Q, falling, pulled down the sections 
from O to H, this stripping effect being arrested when the top 
struck the ground. 

3. The cushion effect due to the crushing of section Т-2 
against the ground saved the lower sections, P to T from total 
demolition. 

4. Several hours later, when the wind had veered towards 
the South, towers 2 and 3 failed in exactly the same way except 
that legs buckled in story O-P instead of in story Q-R. With 
the wind in this quarter the guys were not effective. Until the 
wind got around into this direction the guys held the towers 
safely, the messenger cable co-operating to support tower 2. 

In all these cases the primary failure occurred in stories 
adjoining that in which reinforcing “K” braces were inserted 


Figure 10—Tower 1, at “H” after 1916 wreck 


Figure 11—Strut at “Н”, Tower 1, after wreck 
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іп 1914-15, to strengthen this critical point. Had these not been 
added the initial failure would, undoubtedly, have occurred in 
leg sections P-Q in all cases. 
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Figure 12—Tower 2. fallen part of Есоке 13—Tower 2, wrecked part 
tower from “С” to “R” from “С” to “Q” 


A study of the stresses and ultimate strength of the members 
indicates that the towers failed under an average wind load of 
about 50 lbs. per sq. ft. (245 kg. per sq. m.). Taking Sir Ben- 
jamin Baker's ratio of average pressure on large areas—2/3 of 
the maximum shown at the same time on small gauges—as shown 
by the Forth Bridge experiments, the maximum intensity at 
Swan Island in 1916 probably reached 75 lbs. per sq. ft. (368 kg. 
per sq. m.) for small areas. Іп high velocities, according to 
several authorities, wind is more gusty. "Therefore the average 
pressure on large areas would naturally be expected to be а 
smaller percentage of the maximum on small areas in high than 
in light winds. The Forth Bridge experiments showed this to 
be se for the range of velocities observed, up to 96 miles per 
hour (154 km. per hr.), and there can be little room for doubt 
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The sequence of the occurrence during the collapse may be 
closely read from the illustrations as follows: 

1. The failure of messenger cable between towers 1 and 4, 
the wind being nearly East, depriving tower 1 of support from the 
East guy of tower 4, the leeward legs in story Q-R buckled. 

2. “Тһе top sections above Q, falling, pulled down the sections 
from O to H, this stripping effect being arrested when the top 
struck the ground. 

3. The cushion effect due to the crushing of section T-Z 
against the ground saved the lower sections, P to T from total 
demolition. 

4. Several hours later, when the wind had veered towards 
the South, towers 2 and 3 failed in exactly the same way except 
that legs buckled in story O-P instead of in story Q-R. With 
the wind in this quarter the guys were not effective. Until the 
wind got around into this direction the guys held the towers 
safely, the messenger cable co-operating to support tower 2. 

In all these cases the primary failure occurred in stories 
adjoining that in which reinforcing “К? braces were inserted 


Ficure 10—Tower 1, at “H” after 1916 wreck 


Figure 11—Strut at “Н”, Tower 1, after wreck 
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іп 1914-15, to strengthen this critical point. Had these not been 
added the initial failure would, undoubtedly, have occurred in 
leg sections P-Q in all cases. 
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FigurE 12—Tower 2. fallen part of Figure 13—Tower 2, wrecked part 
tower from 'G" to “В” from “G” to “Q” 


A study of the stresses and ultimate strength of the members 
indicates that the towers failed under an average wind load of 
about 50 lbs. per sq. ft. (245 kg. per sq. m.). Taking Sir Ben- 
jamin Baker's ratio of average pressure on large areas— 2/3 of 
the maximum shown at the same time on small gauges—as shown 
by the Forth Bridge experiments, the maximum intensity at 
Swan Island in 1916 probably reached 75 lbs. per sq. ft. (368 kg. 
per sq. m.) for small areas. In high velocities, according to 
several authorities, wind 18 more gusty. "Therefore the average 
pressure on large areas would naturally be expected to be a 
smaller percentage of the maximum on small areas in high than 
in light winds. The Forth Bridge experiments showed this to 
be se for the range of velocities observed, up to 96 miles per 
hour (154 km. per hr.), and there can be little room for doubt 
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that it is still more true for velocities between 120 and 140 miles 
per hour (192 and 224 km. per hr.). The velocity corresponding 
to 75 lbs. per sq. ft. (368 kg. per sq. m.) is, by our formula, 137 
miles per hour (220 km. per hr.). This estimate is not claimed 
to be precise, but it is about the most reliable as yet available. 
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ЕтсовЕ 14— Tower З, showing wreckage 
from point “H” to point “S” 


At any rate, and whether this velocity and the factor of 2/3 for 
average pressures are correct or not, we can put considerable 
confidence in the deduction of 50 lbs. per sq. ft. (245 kg. per sq. 
m.) average, on the area involved at the moment of failure, and 
that is the value for which we have most need. 

If that is true, it is not necessary to know the maximum 
velocity and intensity of pressure on small areas, but if their 
relative values were known we might determine the true law of 
these variations, which would be a great aid in specifying wind 
loads for different conditions and heights of towers. However, 
these deductions were considered a sufficient basis to warrant an 
attempt to build or reconstruct radio towers to be hurricane- 


proof. 
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FicuRE 15—View of 1916 wreck, looking north 


In а conference held to discuss specifications for the recon- 


struction of the Swan Island towers, and also for new construc- 
tion, in the light of the data disclosed by studies of the wrecks, 
Mr. Davis laid down a new policy, stating, in effect, that: 


“Heretofore it has been more or less customary to take 
the attitude that when a radio station failed. communication 
could nevertheless be maintained by means of the cable or 
wire systems. I want to reverse this idea, and make radio 
communication so reliable in the countries and districts where 
we operate that in time of disaster, when all other means of 
communication fail, the public will be served and can con- 
fidently look to our radio stations to maintain service. As 
long as the radio towers and buildings stand we can give 
service, and even tho the buildings go, if the towers remain 
standing, we can quickly fix up a ‘jury rig’ which will give 
some degree of communication. It is therefore of the 
utmost importance that as far as is humanly possible to do 
so, the towers be designed to withstand hurricanes and 
earthquakes. Heretofore radio towers seem to have been 
designed with the principal idea of keeping down the cost, 
and while we are interested in keeping the cost at a minimum, 
we are more interested in getting up radio towers which 
will insure, as far as possible to do so, our ability to main- 
tain radio communication when all other means fail. 

“То this end, therefore, we want new towers designed to 
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withstand what our experience has taught us are the most 
severe conditions in the countries and districts where we 
operate. In short, we want hurricane-proof towers and, 
from such experience, knowledge and data as we have con- 
cerning earthquakes, earthquake-proof towers." 

As entirely new material was required for two of the towers 
above point G, and for the other above E (Figure 1), (1t was 
neither safe nor economical to use апу of the fallen members, 
under conditions of field work existing at Swan Island), the 
question of field reinforcement of existing members was con- 
fined to about half the leg sections of tower number 4, the cost 
of which, tho high, seemed justified; and, in accordance with 
Mr. Davis’ instructions, the towers were reconstructed to resist 
the highest wind velocities. The leg sections above point С 
were strengthened, generally, by the addition of two angles 
215 inches by 2 inches (6.35 by 5.08 сш), as shown in Figure 
16. New horizontal lateral frames were inserted at P and 7-5, 
and new frames for the messenger cable. hiteh and masts for 
receiving wires were added. The guys were renewed on the same 
plan as has already been described for the reconstruction of two 
years previous. This work was completed in 1017. 

In October, 1921, another hurricane, said to have been one 
of the most severe ever experienced in that section, swept over 
Swan Island, but did no damage to the towers and did not even 
put the station out of commission. This gave us а practical 
service test, under what may be termed maximum hurricane 
conditions, and a basis on which we feel considerable confidence 
in designing towers to withstand storms of the type of West 
Indian hurricanes. That does not mean that towers so designed 
would be proof against eyclonie storms, which are of an entirely 
different character, and for which no reliable data for estimating 
their foree is known to be available. Neither does it mean that 
provision has been made for resisting other cataclysmic forees 
of nature, as, with our limited. knowledge, such ап attempt 
would either prove futile or very uneconomic. But, during the 
period from August 15th to Oetober Ist (known as the West 
Indian hurricane season), in. certain of the Caribbean: regions 
destructive hurricanes are of frequent occurrence, and their 
forees we now seem to be in a fair way to master. It is, of 
course, possible that we may need vet other lessons, but at least 
we have made some progress. 

Whether the typhoon of the Far East is similar in action and 
force or not the author cannot state, but he hopes the discussion 
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withstand what our experience has taught us are the most 
severe conditions in the countries and districts where we 
operate. In short, we want hurricane-proof towers and, 
from such experience, knowledge and data as we have con- 
cerning earthquakes, earthquake-proof towers." 

As entirely new material was required for two of the towers 
above point G, and for the other above E (Figure 1), (it was 
neither safe nor economical to use any of the fallen members, 
under conditions of field work existing at Swan Island), the 
question of field reinforcement of existing members was con- 
fined to about half the leg sections of tower number 4, the cost 
of which, tho high, seemed justified; and, in accordance with 
Mr. Davis’ instructions, the towers were reconstructed to resist 
the highest wind velocities. The leg sections above point G 
were strengthened, generally, by the addition of two angles 
21% inches by 2 inches (6.35 by 5.08 cm.), as shown in Figure 
16. New horizontal lateral frames were inserted at P and T-5, 
and new frames for the messenger cable hitch and masts for 
receiving wires were added. The guys were renewed on the same 
plan as has already been described for the reconstruction of two 
years previous. This work was completed in 1917. 

In October, 1921, another hurricane, said to have been one 
of the most severe ever experienced in that section, swept over 
Swan Island, but did no damage to the towers and did not even 
put the station out of commission. This gave us а practical 
service test, under what may be termed maximum hurricane 
conditions, and a basis on which we feel considerable confidence 
in designing towers to withstand storms of the type of West 
Indian hurricanes. That does not mean that towers so designed 
would be proof against cyclonie storms, which are of an entirely 
different character, and for which no reliable data for estimating 
their force is known to be available. Neither does 1t mean that 
provision has been made for resisting other cataclysmic forces 
of nature, as, with our limited knowledge, such an attempt 
would either prove futile or very uneconomic. But, during the 
period from August 15th to October Ist (known as the West 
Indian hurricane season), in certain of the Caribbean regions 
destructive hurricanes are of frequent occurrence, and their 
forces we now seem to be in a fair way to master. It is, of 
course, possible that we may need yet other lessons, but at least 
we have made some progress. 

Whether the typhoon of the Far East is similar in action and 
force or not the author cannot state, but he hopes the discussion 
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withstand what our experience has taught us аге the most 
severe conditions in the countries and districts where we 
operate. In short, we want hurricane-proof towers and, 
from such experience, knowledge and data as we have con- 
cerning earthquakes, earthquake-proof towers." 

As entirely new material was required for two of the towers 
above point С, and for the other above Е (Figure 1), (it was 
neither safe nor economical to use any of the fallen members, 
under conditions of field work existing at Swan Island), the 
question of field reinforcement of existing members was con- 
fined to about half the leg sections of tower number 4, the cost 
of which, tho high, seemed justified; and, in accordance with 
Mr. Davis’ instructions, the towers were reconstructed to resist 
the highest wind velocities. The leg sections above point G 
were strengthened, generally, by the addition of two angles 
212 inches by 2 inches (6.35 by 5.08 cm.), as shown in Figure 
16. New horizontal lateral frames were inserted at P and Т-5, 
and new frames for the messenger cable hitch and masts for 
receiving wires were added. The guys were renewed on the same 
plan as has already been described for the reconstruction of two 
years previous. This work was completed in 1917. 

In October, 1921, another hurricane, said to have been one 
of the most severe ever experienced in that section, swept over 
Swan Island, but did no damage to the towers and did not even 
put the station out of commission. This gave us a practical 
service test, under what may be termed maximum hurricane 
conditions, and a basis on which we feel considerable confidence 
in designing towers to withstand storms of the type of West 
Indian hurricanes. That does not mean that towers so designed 
would be proof against сусіопіс storms, which are of an entirely 
different character, and for which no reliable data for estimating 
their force is known to be available. Neither does it mean that 
provision has been made for resisting other cataclysmic forces 
of nature, as, with our limited knowledge, such an attempt 
would either prove futile or very uneconomic. But, during the 
period from August 15th to October 1st (known as the West 
Indian hurricane season), in certain of the Caribbean regions 
destructive hurricanes are of frequent occurrence, and their 
forces we now seem to Бе in a fair way to master. It is, of 
course, possible that we may need yet other lessons, but at least 
we have made some progress. 

Whether the typhoon of the Far East is similar in action and 
force or not the author cannot state, but he hopes the discussion 
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of this paper will throw some light оп the subject, as well as that 
of the force of cyclones. 

Some of these stations are located in the earthquake belt of 
Central America and, naturally, the matter has received some 
consideration, but no special provision has been made to resist 
such forces except to take special care to have good foundations 
and details. Observations on the ground in Guatemala City, 
in company with engineers who were there at the time of the 
great earthquakes, impressed the author with the almost insig- 
nificant damage done to well-designed steel structures. In fact, 
most structures well tied together, as with well designed and 
detailed steel and = reinforced concrete. frames, escaped with 
practically no damage to their structural parts. 

It is possible that earthquake forces will severely strain the 
cantilever antenna bridges when they have a considerable over- 
hang, but for these we have used unit stresses only 75 percent. of 
those used for main tower members. 

After having been seriously damaged in the hurricanes of 
1909 and 1910, Cape San Antonio, Cuba, station was completely 
wrecked by its third hurricane in August, 1012. This hurricane 
was unusually severe, but as the wind gauge was carried away early 
in the storm after having recorded 100 miles per hour (160 km. 
per hr.), we have no record of its maximuin velocity. Mr. John 
А. (Jack) Cole, the operator in charge of the station, savs: 
“The United States Government barometer was destroyed early 
in the storm. The Cuban Government barometer, graduated 
to read from 27.6 to 32.00, was down to its lowest mark; in fact, 
the indicator was against the pin at 27.6. I do not know how 
much farther it would have gone if the pin had not been there." 
Approximate estimates from its effeets on the wrecked members 
indicate a velocity of 120 to 140 miles per hour (192 to 224 km. 
per hr.) 

This station had an umbrella tvpe antenna, with one 250 ft. 
(76 m.) tower, a duplicate of those at Swan Island, but with four 
l-inch (2.54 сіп.) steel guys. The station has not been recon- 
structed. Figures 17 and 18 are views of this tower before and 
after the wreck. The appearance of the wreck is almost identi- 
са! with those of Swam Island and helps to confirm the conclus- 
ions reached in the analysis of the latter. 


PRELIMINARY DESIGN OF THREE-LEGGED TOWERS 


After the first reconstruction of the Swan Island towers and 
the final destruction of that at Cape San Antonio, Mr. Davis 
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asked for designs and estimates for self-supporting towers, 250, 
300, and 350 feet (76, 91.5, and 107 m.) high, with stiff (angle 
bar) bracing, and alternates for comparison, with adjustable 
rod bracing. Не suggested that three-legged or “triangular” 
towers be tried for these designs, to which the author replied 
that, in his opinion, any advantages or saving in weights that 
might be expected would be more than offset by the increased 
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Fiure 17—United Fruit Company, Figure 18—United Fruit Compa 
Cape San Antonio Station before 1915 Cape San Antonio Station in 1915, af 
hurricane hurricane 


cost of fabrication, due to the bent plate connections required. 
Notwithstanding this, Mr. Davis ordered designs for three- 
legged towers, “Чо see how they would work out.” 

The designs were made and the results required the author 
entirely to reverse his preconceived opinion. There is a saving 
in weight of about ten percent in favor of the three-legged towe 
when designed under the same specifications, loads, and uni 
stresses, as compared with the design for a four-legged towey 
each tower having its economic width of base. (The side of th 
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triangle should be somewhat larger than the side of the square. 
for maximum economy in each case.) 

But the three-legged tower has other important advantages: 
First, the stresses, particularly in the bracing, are not materially 
disturbed by unequal settlement of the supports, and this is of 
vital importance where foundation conditions are poor as is 
frequently the case. It is also important where the tower is 
carried on distributing girders, which are subject to deflection— 
a case met with in broadcast stations and others with towers on 
the top of buildings. Another advantage is the greater rigidity 
of the triangular cross-section as compared with the square one, 
thus avoiding all necessity for horizontal “Х? or cross-bracing. 

Computations of areas exposed to wind for a number of cases 
of comparative designs, showed that stiff, angle-bar, bracing 
adds about twenty percent to the exposed wind area as compared 
with a tower with adjustable rod diagonals. Always a large part 
of the total load, in tropical hurricane sections, where there is 
no ice lead to provide for, the wind on exposed area of tower is 
the principal force with which to contend, and 20 percent in- 
crease in this requires so much additional metal that all advan- 
tages of stiff bracing are far outweighed by the increased cost. 

Almost all designers of steel structures have used stiff brac- 
ing almost exclusively for many years; and for ordinary struc- 
tures, particularly bridges, it is the correct practice. But 
the radio tower problem is quite a different case and should be 
treated on its merits. It is a problem almost unique in the field 
of framed structures in the fact that the designer has а consider- 
able control over the total of the principal load without reducing 
the unit loading. Хо such condition exists to an appreciable 
extent in bridges or buildings. Moreover, in both bridges and 
buildings, wind loads are comparatively small and, except in 
long spans and high, tower-like, buildings, comprise only a very 
small part of the total stresses. 

For these reasons the author has no hesitation in advocating 
pin connected, adjustable, tension rod diagonals for radio towers. 
The type has been abandoned so many years for all ordinary 
steel construction, altho it once was standard even for railroad 
bridges, that some shops are not well equipped to handle it and 
have to purchase the rods outside. Moreover, it is а slightly 
more expensive class of shop work and therefore costs more per 
pound— but there are not so many pounds. Not only is the brac- 
ing itself lighter but the legs are also very much lighter because 
the loaded wind area is much less, and consequently the leg 
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stresses are materially less. Total cost and not cost per unit 18 
what spells economy. In one case we were able to pay a very 
much higher price per pound for the steel and still save nearly 
20 percent on the cost of the completed towers, due to saving 
in weight of steel and of one foundation and pedestal per tower. 

Another feature introduced in all later designs is that the leg 
sections are all equal short chords of a perfect circular arc. A 
little pains taken in fixing the outline, so that leg sections are all 
of equal lengths, permits the fabrication of these members as 
duplicates and interchangeable thruout the height of the tower, 
except where sectional areas have to be adjusted to the stresses, 
and, of course, excepting the top and bottom sections. This 
feature makes the fabricating cost of these legs as low as any 
straight work. That the vertical height of the stories is slightly 
variable is of no consequence whatever. It is true that the angle 
between the leg and horizontal strut is different at each full 
story, requiring special lay-out and template for each point, but 
as an objection to the design this loses its force when considered 
in connection with the fact that each tower has at least six 
duplicate bent plates of each kind; and as several towers are 
generally fabricated together, on the same order, the duplication 
is ample to distribute the cost of drawings, special lay-outs, and 
templates over a sufficient number of duplicate pieces to keep 
the unit cost down to a low figure. There are now under order 
eight duplicate towers, for example, which gives forty-eight dup- 
licate bent plates from each template, so that the cost of the 
items mentioned for each piece cannot be very high. Moreover 
the angle of the bend is only 15 degrees and, for all practical 
purposes the slight variation from that figure from bottom to 
top is negligible, so that all can be made with the same bend 
angle, and this is the only expense chargeable to the three-legged 
feature. 


RECENT DESIGNS 


All the features herein described were used in the design for 
the towers of the Almirante, Panama, station, built in 1921, and 
illustrated in Figures 19 and 20, showing, respectively, stresses. 
sections, general data, and typical details. Figure 21 is a view 
of the completed towers. 

These towers have no antenna bridges, spreaders being used 
instead. 

Most fabricators, at first sight, are inclined to exaggerate the 
difficulties and cost of these designs, but those who have been 
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properly equipped have found out after fabricating a few that the 
shop costs were not as high as they anticipated, so that now there 
is no trouble in obtaining satisfactory prices. The unit prices 
secured for the later towers are only slightly higher than is asked 
for towers on fabricators’ designs, leaving a substantial net sav- 
ing in total cost due to the more economical use of steel. 


| hank e. 
ЕтсовЕ 21—United Fruit Company, Almirante Station, 1921 


There are, however, а few fabricators who sky-rocket their 
quotations at the sight of a curved outline or adjustable tension 
rod, and these are the ones most heard. "The type of design pre- 
ferred by them has four legs, either straight or with only one 
break in the height of the tower, and stiff bracing; extremely 
slender struts and, generally, metal only 3/16 inch (0.48 cm.) 
thick—sometimes only inch (0.32 ст.) thick—except for the legs. 

Such designs have been perfectly described by the Dean of 
American Bridge Engineers, Mr. Gustave Lindenthal, in а paper 
entitled “Some Thoughts on Long Span Bridge Design," (1921), 
in these words: 

“* * * * * an American design, a typical shop crea- 
tion, * * *" and "Ugliness is rational beauty to minds who 
see merit only in geometrical figures andin cheap fabrication.” 

and, it is to be noted that he was discussing the design of steel 


towers. 
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ANTENNA BRIDGES 


When, in place of spreaders and messenger cables, fixed an- 
tenna bridges came to be required on top of towers, we followed 
the same general idea:—that of keeping the area exposed to wind 
down to а minimum. The importance of this increases as the 
height of the area under consideration and, consequently, its 
overturning lever arm, increases. It is further intensified where 
hurricane force must be provided for. 

In addition to the use of adjustable rods for all tension mem- 
bers, we used extra strong, galvanized pipe for compression 
members, in two symmetrical, balanced, suspension cantilevers. 
The area exposed to wind, including about half that of the 
leeward truss, is under 200 sq. ft. (18.6 sq. m.) for the 150 ft. (46 
m.) of bridge. Compared with fabricators’ structural steel designs 
this means а saving of over sixty percent in the wind load on 
antenna bridge—quite an item when one considers it acting on 
a lever arm 400 ft. (122 m.) high. 

The trusses act only as stiffening trusses and to brace the 
lower chord which takes the outboard thrust from the links. The 
walkway floor is of Irving Subway Grating, type ''L," 34 inch 
(1.9 em.), which was adopted because it combines with minimum 
weight, ample resistance to lateral shear, avoiding the use of lower 
laterals, and with the maximum size of mesh. "Tests made by 
the Irving Iron Works Company, Long Island City, especially 
for this work, showed that, at the elastic limit, the shearing 
strength of this grating is 393.7 lbs. (179 kg.) per mesh width 
of 234 inches (6.03 cm.); and the ultimate strength 448.1 lbs. 
(220 kg.) per mesh; the tests being made on panels 268 inches 
(65.2 cm.) wide, having 12 straight bars and 11 meshes of 23% 
inches (5.95 cm.). Figure 22 shows panel number 2 after testing. 

The first towers of the Tropical Radio Telegraph Company 
with fixed antenna bridges are those erected in 1922 at Teguci- 
galpa, Honduras. Eight similar towers, for four stations, are 
now under order. 

Figure 23 shows the stresses, sections, and typical details of 
the Tegucigalpa towers, Figure 24, the antenna bridge, and 
Figure 25 a view of one of the towers after completion. Figure 
20 is & view looking thru the antenna bridge of the East tower 
at Tegucigalpa. 

Figures 27 and 28 are, respectively, the stress, section, general 
data sheet, and general plan and details, with stresses and sec- 
tions of the antenna bridge, for the latest, revised standard 
400 ft. (122 m.) self-supporting tower with 150 ft. (46 m.) 
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antenna bridge. А comparison of Figures 23 and 24 with 27 and 
28 will give some idea of the advance made in one year in the 
tower practice of these companies. The principal difference 1s 
the antenna system provided for, as indicated by the plans, but 
what may not be clear without explanation is that most of the 
other changes were required by the increase in wire pull and pro- 
vision that the pull may be in either direction. Some simpli- 
fication of details of bridge trusses, particularly in the center 
panels at the tower, are about the only other changes. 
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FIGURE 22— Irving Subway Grating 


WiND PRESSURE 


The wind pressure used for these designs was adopted after 
a study of all accessible data, but, as our records of the Swan 
Island and Cape San Antonio hurricanes seem best and most 
reliable for the conditions required in those localities, they were 
naturally given the most weight in specifying wind loads. Ав 
has been stated, these records indicate probable velocities of about 
137 miles per hour (220 km. per hr.), or à maximum pressure on 
small areas of 75 lbs. per sq. ft. (368 kg. per sq. m.), derived by 
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formulas from the computed breaking load of 50 lbs. per sq. ft. 
(245 kg. per sq. m.), average, on the 100 feet (30.5 m.) of tower 
that broke off, and taken оп 11% times the area of the projected 
elevation of one side. The conversion formula used is P =0.004V? 
in which P= pressure in pounds per square foot, and V = velocity 
in miles per hour. The United States Weather Bureau formula 
is P—0.004V?. B/29, in which B=harometer reading in inches. 
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Figure 25— East Tower, Tegucigalpa (Honduras), 
Radio Telegraph Station of Tropical Radio Tele- 
graph Company, erected 1922 


Some authorities give P=0.0042 V?, and an older formula is 
P —0.003 V?, but the latter is probably nearer the average pres- 
sure on large areas than the maximum on small areas which is 
desired. A number of more complicated formulas have been 
proposed, some based on rational theories, but they have yet 
to be proven more correct. 

Many authorities make large allowances for reduction in 
velocity and pressure as ground level is approached, compared 
with those at high elevations above ground; but while many ob- 
servations, particularly those on the Eiffel Tower, have shown this 
to be correct in light winds, they have shown also that at higher 
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velocities, “the pressure at the top and that at the ground come 
nearer together." At the highest velocities it is probable that 
there is not much difference, and it is only the highest velocities 
that interest the designer. Until it is shown that high winds 
and hurricanes have similar properties and effects as light winds, 
which has vet to be done, we should not give too much weight 
to deductions from observations in light winds. Unfortunately 
very few records are available for very high winds, 96 miles per 
hour (154 km. per hr.), being the highest reported in observations 
covering six years at the Forth Bridge—equivalent to barely 
37 lbs. per sq. ft. (181 kg. per sq. m.). Тһе highest velocity 
reported by Mr. S. P. Wing in “Тһе Electrician" (London), 
of July 1st, 1921, was 37 miles per hour (59 km. per hr.), equiva- 
lent to less than 5.5 lbs. per sq. ft. (27 kg. per sq. m.). These 
cannot safely be taken to indicate the characteristics of winds 
from 100 to 140 miles per hour (160 to 224 km. per hr.), or 40 
to 80 lbs. per sq. ft. (196 to 392 kg. per sq. m.). 
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FicvRE 26—Looking through 150 ft. (46 m.) Antenna Bridge, Tegucigalpa 


Sir Benjamin Baker, in reporting the Forth Bridge observa- 
tions, says, "It was found that the large gauge (15 feet by 
20 feet (4.6 by 6.1 m.) invariably recorded smaller average 
pressures than the small, cireular, gauges (1.5 sq.ft.) (0.139 sq. m.), 
never exceeding 80 percent of the latter for observations 
at the same time, and generally the average pressure on the large 
gauge varied from 50 to 70 percent of the pressure indicated 
on the small gauges. Furthermore, small gauges installed in 
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two opposite corners of the central tower of the bridge showed 
variations of ten to twelve pounds (4.6 to 5.45 kg.) in pressure, 
sometimes the one and sometimes the other showing the greater 
registration. The large area does not show more than two- 
thirds of the pressure indicated by the small gauges as an 
average." 

“Six Monographs on Wind Stresses” and an article in “Еп- 
gineering News-Record" of March 16, 1922, both by Mr. Robins 
Fleming, contain some interesting data, but nothing on hurri- 
cane velocities and not much on very high winds—nothing 
appearing so applicable to the case as the Forth Bridge obser- 
vations. 

The wind loads now specified for towers in the hurricane 
belt—Gulf and Caribbean sections—are as follows: 

80 lbs. per sq. ft. (392 kg. per sq. m.) on antenna—(used to 
fix the sag). | 

76 lbs. per sq. ft. (372 kg. per sq. m.)—(on the elevation 
of bridge on a plane 87? from center line of bridge). 

68 lbs. per sq. ft. (333 kg. per sq. m.)—(on 116 times the 
projected side elevation of bridge). 

68 lbs. per sq. ft. (333 kg. рег sq. m.)—(on 115 Же pro- 
jected elevation of top story of tower). 

and 150 lbs. per vertical ft. (226 per vertical m.) of height of 

tower to lower chord of bridge. 

The last item works out as follows: (at 11% times projected 
elevation). 

61.0 lbs. per sq. ft. (295 kg. per sq. m.) on upper five (5) 
stories. 

56.8 lbs. per sq. ft. (278 kg. per sq. m.) on upper nine (9) 
stories. 

50.5 lbs. per sq. ft. (248 kg. per sq. m.) onupper thirteen 
(13) stories. 

43.2 lbs. per sq. ft. (212 kg. per sq. m.) (the entire tower 
from base to lower chord of bridge). 

These reductions were arrived at empirically, as no rational 
formula available has been proven correct. They are intended 
to provide both for the reduction in average intensity on large 
areas, and also for some reduction of velocity as ground eleva- 
tion is approached, but the influence of the latter is considered 
of only secondary importance. 

The specified “150 lbs. per vertical foot (226 kg. per vertical 
m.) of height" was only adopted after a number of computations 
of loadings per sq. ft., progressively decreasing from top to base, 
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two opposite corners of the central tower of the bridge showed 
variations of ten to twelve pounds (4.6 to 5.45 kg.) in pressure, 
sometimes the one and sometimes the other showing the greater 
registration. The large area does not show more than two- 
thirds of the pressure indicated by the small gauges as an 
average." 

“Six Monographs on Wind Stresses” and an article in “Еп- 
gineering News-Record" of March 16, 1922, both by Mr. Robins 
Fleming, contain some interesting data, but nothing on hurri- 
cane velocities and not much on very high winds—nothing 
appearing so applicable to the case as the Forth Bridge obser- 
vations. 

The wind loads now specified for towers in the hurricane 
belt—Gulf and Caribbean sections—are as follows: 

80 Ibs. per sq. ft. (392 kg. per sq. m.) on antenna—(used to 
fix the sag). 

76 lbs. per sq. ft. (372 kg. per sq. m.)—(on the elevation 
of bridge on a plane 87? from center line of bridge). 

68 lbs. per sq. ft. (333 kg. per sq. m.)—(on 116 times the 
projected side elevation of bridge). 

68 lbs. per sq. ft. (333 kg. per sq. m.)—(on 15 Же pro- 
jected elevation of top story of tower). 

and 150 lbs. per vertical ft. (226 per vertical m.) of height of 

tower to lower chord of bridge. 

The last item works out as follows: (at 114 times projected 
elevation). 

61.0 lbs. per sq. ft. (295 kg. per sq. m.) on upper five (5) 
stories. 

56.8 lbs. per sq. ft. (278 kg. per sq. m.) on upper nine (9) 
stories. 

50.5 lbs. per sq. ft. (248 kg. per sq. m.) onupper thirteen 
(13) stories. 

43.2 lbs. per sq. ft. (212 kg. per sq. m.) (the entire tower 
from base to lower chord of bridge). 

These reductions were arrived at empirically, as no rational 
formula available has been proven correct. They are intended 
to provide both for the reduction in average intensity on large 
areas, and also for some reduction of velocity as ground eleva- 
tion is approached, but the influence of the latter is considered 
of only secondary importance. 

The specified “150 lbs. per vertical foot (226 kg. per vertical 
m.) of height" was only adopted after a number of computations 
of loadings per sq. ft., progressively decreasing from top to base, 
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had shown that a uniform load per ft. of height is as near to the 
probable actual load as any that can be devised with our present 
limited knowledge, and has the advantage of simplicity with 
many precedents in bridge specifications. For stiff bracing 180 
lbs. per vertical foot (249 kg. per vertical m.) was found to give 
the equivalent loading per square foot for the Almirante towers. 

As has been stated, the Swan Island towers and that at Cape 
San Antonio failed at about 100 ft. (30.5 m.) from the top, 
under a wind load very close to 50 lbs. per sq. ft. (245 kg. per sq. 
m.), as an average, uniformly distributed over 115 times the 
area of the projected elevation of the section involved. Also 
that practically no damage was done to the lower 75 ft. (22.9 m.) 
of the towers; and that between 75 ft. (22.9 m.) and 150 ft. 
(45.8 m.) in height the destruction was caused by the stripping 
action of the falling tops. If these deductions are correct — 
and we have no better data—the loading adopted is safe and has 
been so proven to a considerable extent by the hurricane of 1921. 
Altho the specified loading is only equivalent to 43.2 lbs. per sq. 
ft. (212 kg. per sq. m.) on the area involved for the lower story 
members, it is considered safe since these menibers are good for 
60 to 65 lbs. per sq. ft. (284 to 319 kg. per sq. m.) within their 
elastic limit. This area is over 1,500 sq. ft. (139 sq. m.) (extend- 
ing 400 ft. (122 m.) vertically and 150 ft. (45.7 m.) laterally), 
nearly seven times that involved at the initial failure at Swan 
Island and five times that of the larger gauge at Forth Bridge, 
with outside dimensions ten to twenty times the latter. The 
maximum wind pressure assumed is double that of the highest 
recorded by Sir Benjamin Baker, who says, "The higher wind 
pressures come more in gusts than in even pressure extending 
over a large area," which should be given great weight until 
more comprehensive observations supersede it. With a double 
pressure it is reasonable to assume the wind more gusty, and the 
average pressure a smaller percent of the maximum. — Also, 
with the much larger area and dimensions, this factor should 
be less. Therefore, instead of the average pressure on an entire 
400 ft. (122 m.) tower being 2 3 of the maximum, it should be, 
in all probability, very much less. While we have designed the 
lower stories for an average pressure only 54 percent of the 
maximum, within the elastic limit thev are good for about ?( 
of the maximum, which is considered as large а factor of safety 
as 18 warranted, in view of the cost. 

In sections where the highest recorded winds do not exceed 
90 to 100 miles per hour (144 to 160 km. per hr.), loads of 40 lbs. 
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рег sq, ft. (196 kg. per sq. m.) at the top with small areas in- 
volved, graduated down to 25 (123), or, for towers 600 ft. (183 m.) 
high and over, to 20 Ibs. per sq. ft. (98 kg. per sq. m.) for the 
lower members will meet the average case. In many of these 
cases an ice load must also be provided for. 

Where municipal building codes have to be complied with, 
some of which require absurdly low unit stresses for wind loads, 
something may be gained by absorbing the ice load in the ex- 
cessive ''safety factor." 


WIRE Рим, Torsion, AND DIRECTION OF PULL 

For wire pull on towers, wind and ice loads on antennas have 
been provided for by using the strength of the wires, these only 
being used to compute the sag required for the wires to take the 
loads. Where high unit stresses are used for the tower members 
the breaking strength of the antennas may be used, but where 
towers are designed with low unit stresses, as required by some 
building codes, the elastic limit of the antennas may be safely 
used for the maximum wire pull on tower, as the low unit stresses 
provide anample margin for the excess load due to wires being 
pulled so taut as to develop their ultimate strength; but with 
high unit stresses, 24,000 lbs. per sq. in. (3.720 kg. per sq. cm.), 
caution should be used not to impair the margin of safety. 

Some provision for future increase of wire pull may be ad- 
visable, as in the latest standard design of the Tropical Radio 
Telegraph Company, where an increase of 50 percent is antici- 
pated. Тһе wire pull used for tower design increased from 
2,000 Ibs. (920 kg.) in 1906 to 14,000 Ibs. (6,350 kg.) іп 1922, 
and 32,000 Ibs. (14,500 kg.) has been used for high power, inter- 
continental stations. In one case a change in antenna plan in- 
creased the wire pull 30 percent before the towers were erected— 
an indication of the necessity for some margin in many cases. 
About the least margin should be to use the ultimate strength of 
the largest number of heaviest wires proposed at the time, 
which might permit 20 percent increase, assuming elastic limit 
at 2/3 the ultimate strength. 

For torsion it is customary to consider an unbalanced load 
equal to the three wires nearest the end of antenna bridge as out. 
It is extremely improbable that more than three wires would 
go out on one side before any on the other side went out. To 
provide for an unbalanced load of all the wires on one side weuld 
require a wider top and add considerable to the cost. In the 
standard design, Figures 27 and 28, the top width has been in- 
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creased to 10 ft. 6 in. (3.2 m.) from 7 ft. O in. (2.1 m.) of the 
Tegucigalpa towers; Figures 23 and 24, principally on account 
of the greater torsion due to increase in size and arrangement 
of the wires. However, excessive torsional stresses will be relieved 
to some extent by the elastic twisting of the towers, so that they 
could not equal the stresses as computed by rigid statics. The 
elastic equilibrium between the twist of the towers and the sag, 
stretch, and pull of the antenna can be computed, but it is a 
tedious problem, and a small variation in the wires, their arrange- 
ment and initial sag, would entirely change the result and the 
computations would then be valueless. 

Several devices have been designed to release an entire line 
of wires when a break occurs in any one span, which, were it 
safe to count on it always being maintained in working order, 
would permit a considerable saving in weight and cost of towers; 
but that seems a rather unsafe assumption, as it is so easy and 
simple for any one to make a wire fast at any time, and would 
require constant vigilance to make sure it was never done. The 
only safe assumption is to consider the antenna as fixed at each 
point of support. 

With the ends of the antenna held by counterweights or 
supported from triatics (instead of antenna bridges), the maxi- 
mum wire pull could be very greatly reduced. Such devices may 
be made reasonably secure against tampering, but the tower 
designer must take the antenna plan from the radio engineers, 
just as the bridge designer must use the rolling loads fixed by 
the locomotive and car builders. 

Under maximum wind load the catenary of the antenna lies 
in a nearly horizontal plane, and the tangent to the curve at the 
point of support is the direction of the pull on the tower. For 
this reason, in a two-tower station, the apexes of the triangles 
should face each other, as this gives the most favorable distribu- 
tion of loads on the legs of a three-legged tower. Altho some ex- 
perienced engineers set the towers with the sides of the tri- 
angular cross sections facing each other, instead of the apexes, 
precise analyses show that such an arrangement increases the 
maximum compressive stress due to wire pull in the legs, in 
some cases as much as 20 percent. 

With four-legged towers, however, the sides and not the 
corners should face each other for most economical distribution 
of compressive stresses in the legs, the difference being more 
pronounced than in three-legged towers and, therefore, a more 
important matter. In other words the stresses in three-legged 
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towers аге less sensitive to direction of wire pull, because, for 
one reason, even with the most favorable arrangement the maxi- 
mum leg stress is a larger proportion of the total and, conse- 
quently, subject to less variation due to change of direction of 
wire pull; which is another point in favor of three-legged towers. 


STRESSES, SECTIONS, AND DETAILS 


The total wire pull and its direction having been determined, 
and also the resultant if the tower carries more than one span 
or set of antenna wires, a convenient method of stress analysis 
is to find the resultants of wire pull, wind loads on top story 
of tower, and wind loads on the antenna bridge if there is one, 
and then find the components of these resultants normal and 
parallel to the center line joining the towers, as shown in Figure 
27. This must be done for several directions of wind, as no one 
direction will give the maximum for all members. The maximum 
wire pull due to wind occurs with wind normal to the axis of 
the antenna, but this will rarely give the maximum combination 
of simultaneous stresses in a member. For other wind directions 
the wire pull may be reduced by the co-efficients of direction. 

In combination with torsion the total wire pull should be 
reduced in the proportion that the number of wires remaining 
in bears to the full number. The principal effect of torsion 18 
on the diagonal rods in the upper stories where the lever arm 
of resistance is small. In the legs torsional stresses are not 
cumulative, but are balanced in each story. 

In computing stresses, some prefer one method and some 
another. Those accustomed to analytical methods and the slide 
rule may find, as did the author, that it pays to compute an in- 
fluence table for all members, or the stress co-efficients for unit 
loads, both at line of resultant of the top loads and for the center 
of action of wind on the part of tower involved for each member. 
If the method of moments is used, the lever arms may be found 
either graphically or computed from similar triangles by slide rule. 
It is necessary to find the stresses in the legs for at least two con- 
ditions to get the maximums of compression and tension. The 
maximum combinations of stresses from the several loads, which 
must be found, are somewhat complicated, so that, until one 
has computed a few similar towers, it may be necessary to try 
several cases to be sure of having the maximum combination. 

The unit stresses used to fix the sections of tower members 
are specified in Figures 23 and 27, and those for the antenna 
bridge members in Figure 28. The latter are lower than those 
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for the tower members for the following reasons: (1st) The bridge 
is subject to more sudden loading, being the first part of the 
structure to receive the wire load, in which there may be an 
element of impact. (2nd) It will be subject to heavy loading 
more frequently and is more liable to maximum loading than the 
tower members as its total loads are composed of fewer elements, 
while in tower members proper a full maximum load can only 
occur when three or four elements or conditions occur simul- 
taneously with maximum wind—a rare probability. (3rd), and 
last, but not least, an excess wire pull will cause much larger 
proportionate excesses in stresses of bridge members than in 
tower members. 

The unit stresses for tower members are justified by prece- 
dent, by many authorities and by the merits of the case: A base 
unit stress of 24,000 lbs. per sq. in. (1,710 kg. per sq. cm.) has 
been used for many years for the lateral wind bracing of highway 
bridges. It is permitted for wind loads by the building codes of 
several cities, including New York. It is now proposed for wind 
stresses in members carrying no load stresses (dead or live) for 
railroad bridges by the board of engineers of the American In- 
stitute of Steel Construction. Practically all stresses in both 
tower and bridge are due to wind and dead loads, the dead load 
stresses being only a small part of the total, particularly for the 
tower members. 

The sections for the legs are built up of three angles, except 
those of the two top stories, and are economical and compact, 
with not too large area exposed to wind. This type of section 
is good for towers up to about 450 ft. (137 m.) in height designed 
for hurricane force, and for towers up to about 600 ft. (183 m.) 
designed for the ordinary wind loading of 30 lbs. per sq. ft. 
(147 kg. per sq. m.), average. Higher towers require sections 
of different design. 

The sections of most all the horizontal struts are fixed by 
the ratio of slenderness (length divided by radius of gyration), 
those in the lower stories requiring sub-struts and hangers to 
reduce the unsupported length. In towers much exceeding 400 
ft. (122 m.) in height, the economic width of base is too much 
for the economic use of horizontal struts, and for export work the 
members would be so long that shipping difficulties would be 
encountered. In such cases resort has been had to some form 
of “А” frame bracing, similar to that shown in Figure 32. Pos- 
sibly a better, and certainly a more graceful solution of this 
problem would be a base section in an arch form, for which the 
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gothic-lancet lines seem most adaptable. Such а solution, how- 
ever, would require very painstaking work in detailing, to avoid 
fabricating difficulties and high cost. 

Figure 33 shows a plan proposed but never executed, for con- 
structing reinforced concrete tower bases arranged as station 
buildings. The plan is not economical and is only available for 
locations where an architectural effect, with elaborate station 
buildings, are desired. 

All details, even the minor ones, should receive the same de- 
gree of care and attention as the most important member, oi 
satisfactory results and even safety will not be attained. The de 
tails of the anchorages, and the pin connections of the diagonals 
must be efficient and mechanically correct; splices must be cen- 
tric and proportioned for the full strength of the members con- 
nected; and every detail must be planned with a view to facili- 
tating the transportation and erection. 

The diagonals have right and left threads on upset ends, with | 
clevis nuts on cotter pins. Socket type safety set-screws in the ` 
clevis nuts serve to lock the rods after adjustment, as а precau- 
tion against the tendency of all maintenance men to screw up | 
all slack rods, ignorant of the fact that some of the rods 
should be slack when there is any wind blowing, and to pull 
them up simply throws the tower out of line when the wind 
changes. It is a very difficult job, requiring an expert, to line 
up a crooked tower under wind—and the wind blows a stiff 
breeze most of the year in the trade wind belt. 


BROADCAST STATION TOWERS ON BUILDINGS 


Two pairs of 100 ft. (30.5 m.) towers for broadcast stations, 
designed on the lines of the Fruit Company’s standard plan, 
have recently been constructed for the Radio Corporation of 
America, one pair in Washington, D. C. (station WRC), and 
one on Aeolian Hall, New York (stations WJY-WJZ), the 
latter shown with permission in Figure 29. The only fea- 
ture of these broadcast station towers which departs from the 
lines already described is the base girder system, introduced 
to distribute the loads to the structural frame of the build- 
ing. In the case of Aeolian Hall, an existing building, it was 
necessary to distribute the load on a number of columns to avoid 
reinforcing the latter down thru the building at a prohibitive 
cost. At first glance it appeared that four-legged, square base, 
towers would fit best on a building with rectangular bays, but 
the three-legged towers with triangular bases actually proved 
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designed on the lines of the Fruit Company's standard plan, 
have recently been constructed for the Radio Corporation of 
America, one pair in Washington, D. C. (station WRC), and 
one on Aeolian Hall, New York (stations WJY-WJZ), the 
latter shown with permission in Figure 29. The only fea- 
ture of these broadcast station towers which departs from the 
lines already described is the base girder system, introduced 
to distribute the loads to the structural frame of the build- 
ing. In the case of Aeolian Hall, an existing building, it was 
necessary to distribute the load on a number of columns to avoid 
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more adaptable. Each tower is supported on ten building 
columns, so that the load added to any one column was within 
the limits allowed by the code and regulations of the Building 
Department. Figure 30 is a view of the towers on Aeolian Hall. 


„Г. 4 
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Ғіссве 30—Broadcast Central, WJY-WJZ, Radio Corporation of America, 
at Aeolian Hall, New York 


The Washington Station presented quite different conditions. 
There the buildings were of reinforced concrete under construc- 
tion and the columns were designed to carry four additional 
future stories—giving ample column capacity for the tower 
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loads. Some complication was met with in the irregular dimen- 
sions of the bays and their skew of about 30 degrees due to the 
street angles. Неге, also, the three-legged towers proved the 
more adaptable, but required a base width of 24 ft. (7.3 m.) 
instead of the 28 ft. (8.5 m.) base of the Aeolian Hall, NewYork, 
towers, where the building bays are 14 ft. 2 in. (4.3 m.) wide. 

One of the Washington towers is carried by four building 
columns and the other by five, but not equally distributed as 
to loads. Three columns would have been ample for the loads 
of one tower, but their arrangement did not permit a symmetri- 
cal base. This was met by putting in distributing girders, 
resting on the building columns, and supporting the towers; 
the three points of support on the girders forming equilateral 
triangles. 

While one pair of towers required a base width of 28 ft. (8.5 m.) 
and the other pair 24 ft. (7.3 m.), the leg sections are duplicates 
for all and were made from the same drawings and templates, 
which are also designed to serve for other 100 ft. (30.5 m.) towers 
with bases of 20 ft. (6.1 m.) and 16 ft. (4.9 m.) should they be 
required for other locations. Sixteen feet (4.9 m.) is about the 
economic width of base for three-legged towers 100 ft. (30.5 m.) 
high, considering the tower alone, but when it is necessary to 
fit the bays of a building and keep the loads on the columns 
down, it will generally be found cheaper to get the spread in the 
legs of the tower rather than to make the base or distributing 
girders excessively heavy. 

For the tower itself, the economic width of base is that which 
makes the weight of the legs about equal to the weight of the 
bracing. 

The antenna bridges of these broadcasts station towers are 
36 ft. (11 m.) long and 3 ft. (0.92 m.) wide, formed of two lines 
of Зб inch (8.87 em.) extra strong, galvanized pipe, connected 
together by Irving Subway Grating, and supported by truss 
rods to the top of the tower. Тһе grating not only serves as а 
walkway, but also to take the shearing stresses due to wire pull 
and wind. Тһе bridges on the Washington towers are set per- 
pendicular to a side of the towers, making the antenna axis 
parallel to a side, which arrangement is not economic as it in- 
creases the stresses and sections of the front legs so that they 
have to be made specials and not duplicates of the other legs. 
It also increases the total weights somewhat, but it did not seem 
to be avoidable in this case on account of the skew angle of the 
buildings. 
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SEMI-GUYED TOWERS AND GUYED STEEL Masts 

The Swan Island towers as reconstructed and shown in 
Figure 5 are, in fact, semi-guyed or semi-self-supporting, but this 
plan was only adopted as an economic expedient for salvaging a 
considerable part of the old steel which had not been injured. 

The question has been asked—are there any advantages in a 
semi-guyed tower for new construction? The answer, as а gen- 
eral proposition, is no; but there may be rare conditions where 
the relative costs of the several kinds of material and facilitics 
for putting them in the work are exceptional, which might, pos- 
slbiy, give some advantage to such a design. The author, however, 
has yet to meet such а case. Тһе first cost of the guys, if put into 
additional material in the legs, would make the towers nearly if 
not quite self-supporting and, moreover, the maintenance and re- 
newal of guys is many times more costly than of structural steel 
members. Guys increase the number of parts and also require 
anchorages, and they generally have to be insulated. They 
occupy a larger ground area, and probably increase the absorp- 
tion of power. 

Economically the problem has no intermediate solution:— 
the only alternative to the self-supporting tower that has any 
advantage at all is the guyed mast, and the only advantages of 
the guyed mast are rapidity of erection and low first cost. 

The United Fruit and Tropical Radio Telegraph Companies 
have a number of guyed steel masts in service. Figure 31 is a 
view of the New Orleans station, showing four guyed steel masts. 
Maintenance records show that, in the tropics, guys require 
renewal about every five years, and that after the second re- 
newal the cost is more than the self-supporting towers. It has 
been stated that, in dry climates, a set of guys is good for eight 
years. If these estimates are correct, the self-supporting tower 
is the cheaper after ten years in the tropics and after sixteen 
years in dry climates. 

Disadvantages of guyed masts, in addition to the greater 
2066 of maintenance, are: greater area of ground required; absorp- 
tion of power by the guys, even when insulated; and impossibility 
of attaching an antenna bridge. Often, therefore, two guyed 
masts are required to do do the work of one tower. 


Desicn ков 1,000 Foot (305 м.) TOWER 


Figure 32 shows a design for a tower 1,000 feet (305 m.) high, 
which, however, was not built. It was proposed for three-tower 
stations, with the antennas supported on messenger cables and 
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equalizing bridles in place of spreaders, with a maximum wire 
pull of 40,000 Ibs. (18,400 kg.). With this layout, there would 
always be compression in the front leg and tension in the rear 
legs except when the mat might be blown out, in which case 
there would be no wire pull. This condition of stress distribution, 
requiring especially heavy sections for the front leg—the main 
compression member—suggested the attempt to introduce in a 
self-supporting tower the mast element, substituting stiff legs 
for guys. The front leg, as shown in the figure, is a straight, 
vertical line—the most favorable for a heavy compression mem- 
ber, other things being equal (which generally they are not), 
and the rear stiff legs are subject to tension only when under 
full load, and therefore require only sufficient compressive 
strength to hold the tower when the mat is out. The rear, stiff 
legs are curved to reduce the weight of the bracing, and to add 
flexibility to the tower. 


FIGURE 31—STATION OF THE TROPICAL RADIO TELFGR\PH COMPANY AT NEW 
ORLEANS, ERECTED 1914 


The plan worked out well on paper, the weight estimate 
showing it to be very economical in material, but it will probably 
never be used in just this form, since the antenna lay-out which 
led to it has been superseded, and also because no two members 
in such a tower could be made duplicates except the rear leg 
sections and some of the diagonals, and of these there would only 

62 


NT Google 


nae Google 


be two pieces alike in a tower, thus greatly increasing cost of 
fabrication. 

The photographs of the Swan Island wreck of 1916 were 
taken by Mr. H. О. Easton, Svpe-intendent, Radio Department, 
United Fruit Company, whose comprehensive selection of views, 
with his report on the wreck, made possible the studies of wind 
pressure in hurricanes. | 

Lieut.-Col. W. P. Rothrock, Member of the American Society 
of Civil Engineers, assisted in the analysis of the 1916 wreck, 
superintended the erection of the Almirante, Panama, and the 
Tegucigalpa towers, and suggested a number of improvements 
in details which make for efficiency and facilitate erection. 

The fabricators and their engineers have given fine co-opera- 
tion in solving problems of details and construction. Included 
in the list are Baltimore Bridge Works (now Carnegie Steel 
Company, Baltimore Warehouse); Virginia Bridge and Iron 
Company; Fort Pitt Bridge Works; Dietrich Brothers, Balti- 
more, Maryland, and the McClintic-Marshall Company (Riter- 
Conley Manufacturing Company). 


CONCLUSION 


In conclusion it may be stated that nothing has been added 
to any of the towers described in this paper for the purpose of 
producing effects or pleasing appearance, except the skeleton 
globes on top of the 100 ft. (30.5 m.) broadcast station towers 
of the Radio Corporation of America, which globes are practi- 
cally that corporation's trade mark. Тһе observation platform 
and railing at the 150 ft. (46 m.) level on the design for the 
1,000 ft. (305 m.) tower has a self-evident purpose. Neither has 
line or form been influenced by any consideration except the re- 
quirements of the mathematical statics and economics of the 
problems, save for the scroll railing braces at the ends of the 
antenna bridges. 

In the preliminary design of the 150 ft. (46 m.) antenna 
bridge, the ends were shown cut off square at the panel point, 
the blunt appearance of which drew a criticism from Mr. Davis. 
who asked if something could not be added to improve it. The 
author's reply was that he had tried several ways to improve 
this, each of which only made it worse, and that nothing could 
be added which lacked an obvious purpose without detriment to 
appearance. Up to that time, the railing braces seemed to serve 
no useful purpose, but when worked out in detail it was evident 
that а man fixing the end antenna would be in a difficult and 

63 


dangerous position without these braces. Therefore the lower 
chords were extended 3 ft 9 in. (1.15 m.) beyond the panel point 
to support a two foot (0.65 m.) extension of the walkway and 
braces to a railing around the.end. The scrolls in the railing 
braces are a conventional and common treatment of this detail. 
In Figure 26 a man may be seen sitting on the end railing. 

The appearance of these towers has been commended by 
many people of taste, including some architects. This is greatly 
appreciated but, if it is merited, it should be credited entirely 
to the effect of the theorem that a structure designed by the 
rules of statics and economics, if the solution is truthful, will 
conform to all the rules of aesthetics, and vice versa. It is hoped 
that the discussion of this paper will throw more light on these 
points, which are generally better understood by European than 
by American engineers, and full and free criticism is therefore 
invited. 


SUMMARY: This paper is an historical review of the United Fruit Com. 
pany's Radio Towers, and describes the origin of a 1906 design for 200 ft. 
(61 m.) towers; of 50 ft. (15 m.) extension added in 1910; of the hurricane 
wrecks of 1914, 1915, and 1916, of data deduced from them, and of the recon- 
struction of the towers. It discusses the effect of a new policy that ‘‘radio 
communication should be made so reliable that, when all other means fail, 
the public can confidently look to the radio stations to maintain service, which 
can be done if only the towers remain standing." 

The preliminary designs for three-legged towers made in 1915 are de- 
scribed, and their economy and advantages as compared with four-legged 
towers, the saving due to adjustable rod bracing and the low cost of shop 
work effected by making all leg sections equal short chords of a circular arc, 
are pointed out. 

The design of the Tegucigalpa (Honduras) towers, with antenna bridges 
and the latest revised, “Standard Plan of 400 ft (122 m.) self-supporting 
towers, with 150 ft. (46 m.) antenna bridges," are shown with the specified 
loads, unit stresses, and notes on the most favorable direction of wire pull іп 
relation to cross-section of tower. "The design of sections and details are 
briefly referred to, with the limiting heights of towers to which similar sections 
are applicable. 

T wo pairs of 100 ft. (30.5 m.) broadcast station towers of the Radio Cor- 
poration of America are illustrated, and the methods adopted to distribute 
the loads to the building frames are described. 

The economic comparison of semi-guyed towers and guyed steel masts 
with self-supporting towers is discussed, and the preliminary design for a 
tower 1,000 ft. (305 m.) high is shown. 

In conclusion, the theorem is proposed that the truthful application of 
the laws of statics and economics will yield aesthetic results in tower design, 
and vice versa, and the bearing of this theorem on the appearance of the fore 
going towers is given. 
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conform to all the rules of aesthetics, and vice versa. It is hoped 
that the discussion of this paper will throw more light on these 
points, which are generally better understood by European than 
by American engineers, and full and free criticism is therefore 
invited. 


SUMMARY: This paper is an historical review of the United Fruit Сот- 
pany’s Radio Towers, and describes the origin of a 1906 design for 200 ft. 
(61 m.) towers; of 50 ft. (15 m.) extension added in 1910; of the hurricane 
wrecks of 1914, 1915, and 1916, of data deduced from them, and of the recon- 
struction of the towers. It discusses the effect of a new policy that ‘‘radio 
communication should be made so reliable that, when all other means fail, 
the public can confidently look to the radio stations to maintain service, which 
can be done if only the towers remain standing." 

The preliminary designs for three-legged towers made in 1915 are de- 
scribed, and their economy and advantages as compared with four-legged 
towers, the saving due to adjustable rod bracing and the low cost of shop 
work effected by making all leg sections equal short chords of a circular arc, 
are pointed out. 

The design of the Tegucigalpa (Honduras) towers, with antenna bridges 
and the latest revised, 'Standard Plan of 400 ft (122 m.) self-supporting 
towers, with 150 ft. (46 m.) antenna bridges," are shown with the specified 
loads, unit stresses, and notes on the most favorable direction of wire pull in 
relation to cross-section of tower. Тһе design of sections and details are 
briefly referred to, with the limiting heights of towers to which similar sections 
are applicable. 

Two pairs of 100 ft. (30.5 m.) broadcast station towers of the Radio Cor- 
poration of America are illustrated, and the methods adopted to distribute 
the loads to the building frames are described. 

The economic comparison of semi-guyed towers and guyed steel masts 
with self-supporting towers is discussed, and the preliminary design for а 
tower 1,000 ft. (305 m.) high is shown. 

In conclusion, the theorem is proposed that the truthful application of 
the laws of statics and economics will yield aesthetic results in tower design. 
and vice versa, апа the bearing of this theorem on the appearance of the fore 
going towers is given. 
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DISCUSSION 


Robins Fleming (by letter):* Mr. Buel has presented a val- 
uable paper on the design of self-supporting radio towers that 
must withstand high wind velocities. The detail and thorough- 
ness with which he has treated the subject make the paper one 
that will long be turned to for reference. Some comments may 
be in order, even if at times they dissent from the opinions of 
the author. 

Since the pressure of wind varies as the square of its velocity, 
the pressure from a velocity of 140 miles per hour is 1.96 times 
that fron a velocity of 100 miles and 2.4 times that from a velocity 
of 90 miles. From the well-established formula P=0.004 V? 
the respective pressures on vertical surfaces from horizontal 
winds of 140, 100, and 90 miles per hour are 78.4, 40, and 32.4 
lbs. per sq. ft. But the actual velocity is less than the indicated 
velocity with a corresponding reduction in pressure. (The 
velocities recorded and published by the United States Weather 
Bureau are those indicated by a Robinson anemometer, not the 
actual). Again, average pressure on large areas are less than 
those on small areas. On the other hand, the published maximum 
velocities are those maintained for periods of 5 minutes dura- 
tion, but for shorter periods, say for a minute, these velocities 
may be exceeded. The writer considers the 30 Ibs. per sq. ft. 
of exposed surface which he has recommended for towers not 
over 300 ft. high to be sufficient when the indicated wind velocity 
does not exceed 100 miles per hour. For triangular towers the 
area of exposed surface is assumed to be 1% times and for square 
or rectangular towers two times the vertical projection of one 
face. For the upper parts of towers more than 300 ft. high, 
210 lbs. is added for every 100 ft. additional height. For towers 
within the hurricane belt these pressures would be modified, 
probably near to those used by Mr. Buel. 

А working stress of 24,000 lbs. per sq. in. net tension is used 
by Mr. Buel against the 20,000 Ibs. of the writer. This 18 not 
excessive for high wind velocities tho there is little left for 
emergencies. А decided objection, however, is raised against 
the use of the compression formula: 24,000 —50 l/r. On a basis 
of 24,000 lbs. for tension the widely-used formula 16,000 — 70 l/r 
becomes 24,000 — 105 l/r. Mr. Buel cites for justification of his 
use of 24,000 Ibs. for tension the specifications of the American 
Institute of Steel Construction. According to these same speci- 


* Receive! by the Editor September 5 1923. 


65 


fications the formula for compression due to wind pressure would 
24,000 
© 1412/18,000 r? 
three formulas for [/т = 1,000 are 19,000, 13,500, and 15,400; for 
l/r = 140 аге 17,000, 9,300, and 11,500; for [/г = 160 are 16,000, 
7,200, and 9,900. It is believed that the values obtained by the 
Buel formula are excessive and should not be used. 

The discussion of square versus triangular towers will be 
left to others. The triangular towers weigh less, but most struc- 
tural firms will quote a price for fabrication and erection that will 
more than offset the saving in weight, especially if the towers 
are of the outlines shown in Figures 23 and 27. Just here a tribute 
is paid to Mr. Buel for the graceful outlines he secures. Will 
the additional expense warrant him in so doing? His 350- and 
400-ft. towers are not in New York or Boston, but at Almirante 
and Tegucigalpa. 

Mr. Buel advocates the use of rods instead of angles for 
diagonals in the faces of towers. It is true he thus reduces the 
area exposed to wind, but he encounters serious difficulties in 
erection. The rods must be adjusted and he writes—“‘it is a 
very difficult job, requiring an expert, to line up a crooked tower 
under wind—and the wind blows a stiff breeze most of the year 
in the trade wind belt." From the hazardous nature of the work 
the only “ехрегів” available are the workmen engaged in the 
erection of the towers. However skilled some of these men may 
become, it may be questioned whether they are ever able at a 
height of two or three hundred feet to tighten some rods and 
leave others slack so that when the wind reverses, the tower 
will not be thrown out of line. With angle diagonals no adjust- 
ment need be made and a tower can be kept plumb as it is 
erected. Angles are not as liable as rods to be bent in transpor- 
tation and handling and have greater rigidity when in place. 

It should also be noted that the stresses in rods are inde- 
terminate, owing to the initial tension brought upon them in 
their adjustment. Ап initial tension of 3,000 lbs. on a rod 1 in. 
diameter under the thread adds a stress of 3,800 Ibs. per sq. in. 
of sectional area. The total stress is thus brought to 27,800 lbs. 
per sq. in. if the rod is designed for 24,000 Ibs. per sq. in. The 
initial tension also causes additional stresses іп columns and 
struts. 

Mr. Buel favors painted instead of galvanized towers. He 
states. “Тһе cost of maintenance covering a period of fifteen 
years shows that frequent painting is cheaper than galvanizing." 


The respective values obtained by the 
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A difference of opinion exists оп this subject. А letter, before 
the writer, from another designer of radio towers reads, “Тһе 
cost of repainting these radio towers in the field from time to 
time is such that the galvanized are much preferable and more 
economical" Ав the cost of painting high towers is quite 
formidable there will probably Бе a tendency to neglect it, thus ` 
furthering corrosion. 

The use of Irving Subway grating for walkway floors and 
galvanized pipe for compression members in suspended canti- 
levers is novel and unique. 

The writer thoroughly agrees with the author in what he 
says regarding the superiority of self-supporting towers over 
semi-guyed towers or steel masts. 

The thanks of structural engineers are due the author for in- 
cluding in his paper brief descriptions of the broadcast stations 
on Aeolian Hall, New York City and on a reinforced concrete 
building, Washington, D. C. 

In conclusion, the behavior of the United Fruit Company’s 
towers during the next ten years will be watched with interest. 


R. D. Coombs, M.A.S.C.E. (by letter):* Mr. Buel’s paper is 
a valuable contribution to the somewhat meagre literature on 
a most interesting field of engineering, as well as an expression 
of practices in a new part of that field—the radio tower. The 
general field embraces transmission line towers and radio towers, 
the difference between these classes being that the usual trans- 
mission tower is not a dead end structure while the radio tower 
is even normally a dead end for part of its load. 

In this general field the designer must depart from the shelter 
of the usual working stress or factor of safety and work thru a 
more logical and professional analysis of the actually expected 
loads and the practicable unit stresses. He must also very 
clearly set forth just what load conditions are economically justi- 
fied and must realize that the usual handbook unit stesses are 
not for him. Тһе designer of towers may not take refuge behind 
an assortment of hidden factors of safety or relief on the imagin- 
ary factor of safety of four of the usual building codes. 

In most steel construction the wind load is not given much 
active consideration. Тһе assumed live and dead loads may be 
so great that the structure can carry a very considerable wind 
load, provided the other loads are not all present. Or with small 
dead and live loads the structure might simply be unable to carry 
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the usual wind loads and would probably never receive them. 

In towers, however, the wind load is of the most inportance 
both in its direct effect and as greatly increasing the pull of con- 
ductors, antennas, and so on. 

Further, since the designer knows that some time the tower 
will receive a wind load of considerable amount, the question 
is as to the amount to be provided for in this event. Is it the 
greatest recorded pressure in that locality, or more to provide 
for contingencies, or less to allow for probability of occurrence 
some five, ten, or more years hence? 

The author’s examples are believed to be unique as scattered 
installations deliberately calculated to withstand “hurricane” 
pressures. The apparent procedure of determining the greatest 
wind reasonable for the installation in question and then provid- 
ing a known, or closely known, factor of safety in the unit stress 
alone is to be commended. 

The author’s examples of failures are amongst the few service 
failures of larger towers of which much is known. It is unfor- 
tunate that except in tower tests the actual loads are never 
known because there is never any accurate measure of the wind 
load that was imposed on the structure. 

In the writer’s opinion the formula used by Mr. Buel for the 


ultimate stress, 44,000", is about as accurate for towers as 


indicated by the data available. The writer would, however, 
question Mr. Buel’s bolt values, which seem to be relatively low. 

It would appear that painting every two years does not in- 
dicate a very dry climate, and the writer is not prepared to admit 
that 1/16 inch (0.16 cm.) of steel is as good protection as a film 
of zinc—provided the film is continuous. 

The author is requested to enlarge on the question of lock 
washers versus finger-loose nuts in view of the difficulty of access 
to such high structures. 

The writer is aware of the opinion and practice of the aver- 
age field crew regarding washers and that most of the transmis- 
sion towers have none, but is not sure that lock washers may not 
be a good investment. 

The use of rod bracing for such structures appeals to the 
writer as logical, but involves careful erection since it is very easy 
to build a ‘‘wind” into a tall tower. The writer's company has 
designed and built both rod-and angle-braced towers of medium 
height, about 150 feet (45.7 m.), and have believed that the rod- 
braced were not commercially economical for such heights. Rods 
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commend themselves from a wind pressure, and maintenance 
painting standpoint altho thought to be noisy and difficult of 
erection. 

Referring to the Swan Island towers, were they not relatively 
weak in the upper half? The parabolic outline, also used by the 
writer, will produce а graceful appearance and a very gradual 
decrease of main leg stress, so that the upper half may readily 
be kept below the stress of the more usually critical sections. 
In this connection it may be noted that the technical press re- 
cently illustrated, but without descriptive detail, a tall tower 
on the Rhine that indicates a reversed parabola, convex outward, 
and a far from graceful outline. 


George А. McKay (by letter):* 1. The article prepared by 
Mr. Buel is a most valuable contribution to an important branch 
of structural engineering. Ав in all special branches, progress 
is marked by steady growth based on past experience, and Mr. 
Buel, in putting into print the record of his achievements, has 
enabled the engineering profession in general to benefit thereby. 

2. 'The Bureau of Yards and Docks of the Navy Department, 
which has the responsibility for the design and construction of 
all radio towers for the Navy Department, started in 1912 with 
towers of square cross section, installing one 600-foot (183 m.) 
and two 450-foot (137 m.) towers at Radio, Virginia. These 
three towers were developed to withstand a wind pressure of 30 
Ibs. per square foot (147 kg. per sq. m.) over one and one-half 
times the projected area of one side in accordance with the usual 
viaduct practice, and in addition to the wind load, a pull of 10,000 
lbs. (4,600 kg.) from the antennas. In May, 1913, however, 
when the 600-foot (183 m.) radio towers for Darien, Canal Zone, 
were being designed, it was decided to adopt the triangular cross 
section type of tower, principally on account of the economy 
thus effected. It will be noted from the above that the adoption 
of the triangular cross section by the Bureau antedated its 
adoption by the companies representated by Mr. Buel. 

3. А number of triangular towers, ranging from 150 to 820 
feet (45.7 to 250 m.) in height, have been erected in the past 11 
vears by this Bureau in latitudes varying from south of the equa- 
tor to Alaska, and these towers have been subjected to hurri- 
canes and ice loads. Тһе Bureau has yet to record a single 
failure. 

4. Ап interesting comparison exists in the fact that the 
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Bureau’s standard design for 200-foot (61 m.) towers weighs 
approximately 13 tons (11,800 kg.) on the basis of a triangular 
cross section, whereas the 200-foot (61 m.) square towers which 
collapsed, as mentioned in Mr. Buel's paper, weighed 221% tons 
(20,400 kg.), or approximately one and seven-tenths times as 
much as the Bureau type. 

5. Ап examination of Mr. Buel's original design, indicated 
on Figure 1, before the towers were strengthened, indicates that 
the rivets in the splices for the main column sections at Panel P 
were considerably weaker than the columns themselves, consid- 
ered either in tension or compression. Тһе method of connec- 
tion of the diagonal rods to the struts is also subject to criticism. 
In addition to this, the use of ordinary bolts, with possible line 
bearing instead of bearing over the semi-periphery, would also 
militate strongly against the towers withstanding abnormal 
loadings. 

6. The Bureau adopted in May, 1914, in connection with the 
radio towers for New Orleans, rod bracing instead of stiff brac- 
ing, in order to reduce the superficial wind area, and has retained 
this detail for all towers constructed since that date. It is to be 
noted from examination of the Bureau's drawings that the de- 
tails of the connections of the diagonals to the main columns are 
such as to practically preclude torsional or bending stresses in 
riveted connections. 

7. It is sincerely to be hoped that the publication of the arti- 
cle by Mr. Buel, with comment by various engineers thruout 
the country, will give designing engineers, generally, the neces- 
sary data to develop satisfactory designs for future towers which 
the progress of radio communication will demand. 


Schuyler B. Knox, Member American Society Civil Engineers 
(by letter):* The fixed, triangular type of radio tower construc- 
tion has advantages over a greater-sided system in its better 
resistance to deformation thruout its height and the saving in 
weight of steel by the elimination among other things of at least 
a column leg and the horizontal sway-bracing at panel points. 
Also one should not overlook the less number of masonry pedes- 
tals required for column leg footings. 

In the case of high structures designed to carry wind loads 
of great intensity even in our temperate zone, the designer is 
to be commended for his employment of tension rods on which 
the exposed wind surface is one-half, or less than one-half, that 
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of angle diagonals of equivalent cross-sectional area. Тһе mate- 
rials used in the "bridge" construction at top of the tower also 
present a minimum surface exposed to wind action. 

By reducing exposed surfaces in the very high radio towers 
in localities subject to violent hurricanes, Mr. Buel has solved 
the problem economically, for in this way he has lessened the 
amount of steel required to resist the intensity of wind stresses 
in legs and web members without changing the strength of the 
structure or causing additional cost in the aggregate over square 
and other types. The higher unit cost of fabricating due to adjust- 
able, upset rods, including pins, clevises and ‘‘safety’’ set-screws 
is generally offset by the smaller total tonnage in the triangular 
type structure. 

In the fabrication of the 350-ft. (107-m.) triangular towers 
for the United Fruit Company's Almirante Station, Panama, for 
which the Fort Pitt Bridge Works (with which the undersigned 
is connected) had contract in 1920, no difficulty was experienced 
in the shops, due to co-operation between the engineers and the 
fabricator in the matter of details and determining methods for 
handling. Both towers were assembled at the shop, lined up 
with transit, adjusted, and match-marked while so assembled. 
In this position the adjustable rod diagonals were fixed in length 
by keying the clevises with “safety” set screws so that no varia- 
tion would be possible after the work was knocked down, 
thus insuring greater accuracy in plumbing during erection. 
The members were then separated and packed for ship- 
ment. 

Quoting from Mr. Buel's report of one of those conferences: 
“Since tensile and compressive stresses in legs are nearly equal, 
and as bolts at splices must take all tension and as end bearing 
is unreliable owing to flexure of tower and angles and might set 
up very objectionable eccentric or bending stresses in the leg 
sections, it was agreed to put 100 percent field bolts in all splices 
and leave joints 14 inch (0.64 ст.) open—same as established 
practice with hip joint in bridge chords." 

While the fabrication costs per unit weight of steel may be 
higher than for other forms of towers, the saving in the number 
of masonry footings, the less number of, and lighter weizht of 
members, not to mention the lightness and appropriateness of 
the “bridge” at the top of the towers, tend towards making the 
total cost of installing this tower, from a purchaser's point of 
view, as low as, if not lower, than for many other forms. Mr. 
Buel's design is scientifically developed. 
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Reginald A. Fessenden (by letter): Mr. Buel’s paper is very 
interesting and valuable, and puts radio tower construction on 
a sound footing. 

The three-legged tower with pin connection is undoubtedly 
the right type. Anything which concentrates the material into 
few and large pieces minimizes the effect of corrosion and saves 
a great deal more steel in the end, and adds greatly to reliability, 
which is, of course, the main thing. And with the wind whipping 
the towers about the way it does, there is great danger, in a four- 
legged tower, of getting very concentrated stresses at certain 
points, which will not occur with a three-legged pin-connected 
tower. 

About corrosion, two things occur to me. First, what would 
be the comparative costs of one of the new non-corrosive chrome 
steels compared with standard material? Possibly much too 
high; yet a comparison would be interesting. 

Second, what would be the effect of always keeping the tower 
hydrogen polarized to ground? Possibly nothing; and yet I 
have found that corrosion increases very much faster when 
oxygen polarization is superimposed upon alternating current 
flow, and of course one gets this alternating current flow from 
the radio sending. So there might be some good effect with 
hydrogen polarization. 

The curved legs are a fine idea, and it is well worth knowing 
that it can be carried out in practice with so little expense. 

Can Mr. Buel tell us if there would not be some advantage 
in using isolated guy wires between the towers themselves, so 
all would act as a unit. I note he refers to the loss from eddy 
currents in the towers themselves and in long guys, but this 
can be got over very easily by slipping very small coils of a few 
turns of soft iron or nickel steel wire over the guys or tower mem- 
bers. This has the same effect as putting in insulators, so far 
as eddy currents are concerned, and without any of the expense 
or bother. See United States patent 706,746, “Wave Chute,” 
August 12, 1902. 

The fact that the foundation ean settle with the three-legged 
tvpe without hurting anything is very important, and they are 
also better for twisting stresses. In this connection, any con- 
crete foundation pillars should have the reinforcement arranged 
for twisting stresses, as these may be very bad in earthquakes. 
Another good point which strikes me is the adjustable tension 
rods. 

About the wind stresses, has any one tried making these 
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measurements on different shaped elements while mounted оп 
an aeroplane? It would look as if this would be a very simple 
way, and the models or full-sized cross section members could 
be made of wood. On the Brant Rock tower I used a fine wire 
of gold, with one-half of it mounted in a thin metal tube and the 
other in the wind, and a tap from the center, and found how 
much current must be passed thru the outside half to make it the 
same resistance as the shielded half. This gave me the instan- 
taneous wind velocity, as it responded in about one-tenth of a 
second. If made recording, this might be useful for getting maxi- 
mum gust velocities. 

I certainly like the appearance of the towers. They look 
like something. It will not be long before we have one million 
volt transmission lines, and Mr. Buel has shown us that it is pos- 
sible to get something which will not disfigure the landscape. 


Jacob Feld, 1077 East Twelfth Street, Brooklyn, New York 
(by letter):* The author is to be congratulated for his very clear 
and instructive presentation of a comparatively recent type of 
structure which the engineer is called upon to design. Much 
more can be learned from a description of a failure with a careful 
analvsis of the causes than from the usual account of a successful 
(or rather, untested) structure. From this point of view, this 
paper is especially valuable. 

The predominating characteristic of self-contained radio 
towers are their flexibility. Ав Mr. Buel has pointed out, the 
deformation of the tower relieves the tension in the antenna by 
decreasing the chord length of the antenna wires under wind- 
load. It is noteworthy that there is only an increase of 17 per 
cent over the dead load tension, when the antenna is exposed to 
maximum wind. This requires considerable deflection of the | 
towers, introducing a rather complicated stress distribution in 
the legs of the tower. Тһе relieving effect of the towers permit 
considerable sag of the antenna wires (in the direction of the 
resultant of wind and dead load). Тһе changed geometrical 
shape of the antenna has some effect upon the electrical сһагас- 
teristics of the system. Тһе writer hopes that the discussion 
will bring out an explanation of the magnitude of this effect, and 
what limits are permissible. It seems to the writer that too 
much deflection causes trouble electrically as well as structurally. 

The description of the mast shown in Figure 5 is especially 
instructive and emphasizes some of the usual rules for economical 
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design of structures. Тһе mast was strengthened by the addi- 
tion of two guys placed at 30° to the vertical. It would have 
been more economical to have increased this angle, requiring, 
of course, a longer guy and more room, but decreasing the effect 
of the guy upon the tower and increasing the beneficial effect 
of the guy in taking wind loads. The tower failed because of 
the absence of windward supports after the antenna broke from 
the mast. This points out an important feature—the necessity 
of symmetry in supporting a tower subjected to a wind force 
from any direction and the necessity of observing the fun- 
damental principle of making each unit of a structure self-sup- 
porting. 

In the case under consideration, Mr. Buel states that no guys 
were permitted inside the quadrant covered by the antenna. 
That did not prevent the placing of a system of four guys at 90° 
to each other, or three guys at 120° to each other. In either 
way, wind from any direction can be taken care of. A careful 
analysis, too lengthy for this discussion, will show that the three- 
guy system is more economical, as far as weight is concerned, 
but not so rigid as the four-guy system. А tower or mast with 
three main legs, or triangular in section, naturally lends itself 
to simple connection details for the three guys; similarly for the 
four guys with a square tower. The writer was very much 
astonished to see the description of the tower which failed after 
the antenna gave way. It is the basic idea of design to make, 
in as far as possible, each section of a structure self-dependent 
for its stability. It seems that a radio system should consist of 
a stable tower or mast, which in addition to being capable of 
holding up itself and any loads which may act upon it, can also 
resist certain external forces caused by the antenna. 

An almost analogous case is the usual bridge design: a sub- 
structure, self-supporting, with additional stability to hold up 
the superstructure. Certainly, no one would think of designing 
a bridge so that, should the superstructure fail, the substructure 
was no longer stable. 

Mr. Buel describes how a tower was increased in height and 
exposed to a greater antenna pull without strengthening and 
without informing the designer. Unfortunately, this state of 
affairs is very common. The radio engineer must remember 
that a design according to specifications, in order that it be 
economical, 1s made to withstand safely the loads specified, and 
no more. If the radio engineer continues to increase the loads 
upon the towers, failures are certain to occur. Perhaps some 
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simple method of rating the towers, according to their excess 
stability, will help prevent the overloading of towers. 

It is interesting to note that the towers failed in the panel 
just below those which had been reinforced by the substitution 
of “K” bracing for the flexible tie-rod bracing. This is ап exam- 
ple of the very frequent error made in strengthening a structure 
by increasing the stiffness of assumed or tested weak points, 
thereby making certain isolated portions more rigid than the 
rest. An accurate analysis is tedious, but it may be stated with- 
out computation that the transmission of stresses across the 
section between two portions of unequal rigidity causes some 
extremely localized summations of stress. This has been very 
clearly pointed out in the recent researches on the transmission 
of stresses along cracked and punctured members. Sudden 
changes in section of the tower as a unit, as well as of the indi- 
vidual legs and secondary members must be avoided. This is 
especially true for high members affected by relatively high 
bending and twisting moments. 

The author is to be congratulated for his clear description of 
the advantages of the three- over the four-leg towers. The writer 
questions the advisibility of using bent plates and curved legs 
with such high unit stresses, 24,000 pounds for tension and 


24,000 —50 - for compression. Even tho the torsion is taken 


into account, some allowance must be made for the secondary 
stress and the reversal of stress. The writer is fully aware of the 
high unit stresses under which transmission towers have failed 
when tested to destruction. The only justification for such high 
unit stresses is the rather high unit pressures assumed for the 
specified wind velocities. Mr. Buel uses a conversion formula, 
the relation between wind pressures and velocity, which is prob- 
ably at least 20 percent excessive. 

The use of rods for wind bracing in place of stiffer sections 
is certainly desirable, because it eliminates so much wind load. 
It must be remembered, however, that one stiff diagonal will 
replace two rods in each panel, so that the saving is not so large 
as it seems at first glance. The main advantage is in the smaller 
exposed wind area, especially since the effect on a cylindrical 
rod is less than on a flat surface. The writer believes that we 
can go one step further and, where possible, use steel wire rope 
for the tension members. It would hardly be possible to use 
wire strands for the bracing in the towers, but it certainly can 
be used for the ties connecting the ends of the antenna bridge 
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with the mast. Initial tension can easily be provided for stiff- 
ness, and, in place of the upset rods which are liable to bend and 
twist under high wind, a lighter and stronger stecl strand can 
be used. The saving may be small if figured by weight, but the 
leverage is large and every square inch of exposed area at that 
height counts. The chief advantages of the wire rope are the 
high allowable unit stress and the safety from bends. 

With such small ratios of base width to height, it is especially 
important that there be no unequal settlement of the footings. 
The writer would like to know whether Mr. Buel has noticed any 
trouble from this source and how he prevents it. 

The author’s statement that the maximum stress in the an- 
tenna can be controlled by attaching the antenna to a counter- 
weight is noteworthy. Such devices have been used in several 
tower designs, especially those of foreign types. This method 
relieves some of the antenna pull upon the tower and decreases 
the deflection under wind load, but it increases the vertical load 
upon the tower. 

It seems to the writer that Mr. Buel has not fully appreciated 
the value of guys. With the high unit stresses allowed, they form 
most efficient tension members, both from the point of view of 
economy in weight and because they are less affected by wind. 
Not only are they thinner than the stiff members, but the unit 
pressure of wind upon a circular rope or rod is also less than the 
unit pressure upon a flat surface. Mr. Buel’s objection to guys 
on the ground that they do not last is not substantiated by ex- 
perience with wire cables and strands in suspension bridges. 
The suspenders of the Brooklyn Bridge are in very good con- 
dition. The wire ropes removed from the old Niagara suspen- 
sion, after 50 years of service, were remarkably unchanged. As 
far as maintenance is concerned, Mr. Buel points out that the 
steel of the towers must be painted on the average of every two 
years. Of course the use of guys necessitates land areas, but 
radio stations of great heights are seldom located in districts 
where land 1s expensive, and it will be found that the percent- 
age of increase in the land required is small, even tho the actual 
area may seem large. 


Albert W. Buel (by letter) :* Mr. Coombs questions the bolt 


values used for the designs shown, which, he says, ‘‘seem relatively 
low." These were adopted to permit the use of rough bolts, not 
turned, and also to provide for the reversals of stress—the ten- 


*(‘onsulting Engineer, 29 Broadway, New York. Received December 
15, 1923. 


sion running as high as 90 percent of the compression in some 
leg sections. 

Spring lock washers have given some trouble by breaking and 
dropping out. Moreover, it is thought that the plates will be 
gripped more tightly without them and, after all, the frictional 
grip should not be neglected. The nuts are gone over, tightened, 
and checked with a chisel after erection and periodically there- 
after. Very little trouble has been reported. 

Rod bracing will not show much economy in towers much 
under 200 feet (61 m.) in height, but for the higher towers the 
saving is as much as 20 percent in weight. By adjusting the 
rods at the shops the towers can readily be erected out of wind. 

The Swan Island towers were weak in the upper half, particu- 
larly between O and R, about 100 feet (31 m.) below the top, 
due to the insertion of the 50 ft. (15 m.) extension, T-10 to T in 
Figure 16, without reinforcing the members below. There was 
originally some excess section in the legs at some stories, but this 
is often unavoidable in light compression members where prac- 
tical considerations are given due weight. 

Mr. Fleming says the tensile unit stress used for the later 
designs (24,000 lbs. per square inch, against his 20,000 lbs.) 
"is not excessive for high wind velocities." It is not clear to the 
author what wind velocities have to do with unit stresses, nor 
why 24,000 lbs. per square inch is not just as good where the 
loads and stresses are computed for 90 or 100 miles per hour 
wind velocity (if such is the maximum anticipated for the 
locality), as where hurricane velocities have to be provided for. 
By using the maximum probable loads we make reasonable pro- 
vision for "emergencies," as far as is economically justified, and 
avoid the confusion of loads with unit stresses. Then and only 
then can unit stresses be considered on their own merit. 

The compressive unit stress used (24,000—50 l/r) is two- 
thirds the ultimate strength of long columns as shown by the 
studies that have been made of the most recent tests. ('"Trans- 
actions American Civil Engineers, volume LXXXIII, pages 
1583 to 1688 and 1960.) While the results of these tests showed 
variations of 15 to 20 percent above and below the mean values, 
it is not thought that such extreme values are truly representa- 
tive of these tower legs, and that the Tetmajer formula 
(44,000 —162 l/r), which gives 27,800 pounds per square inch 
for [/г— 100, is nearer the correct value for these sections. 

The higher values of l/r mentioned by Mr. Fleming occur 
only in struts where the sections are not determined by stress, 

77 


but by limiting values of l/r, and the column formula does not 
apply. 

Mr. Fleming says of three-legged towers: “most structural 
firms will quote a price for fabrication and erection that will 
more than offset the saving in weight, especially if the towers 
are of the outlines shown in Figures 23 and 27." Тһе only addi- 
tional item of cost of the three-legged feature is the 15 degrees 
bend in the gusset plates, of which each tower of Figure 27 has 
144. About 200 such plates can be bent cold on a bending ma- 
chine in eight hours, at an outside cost of $50.00, or $36.00 per 
tower. Each tower weighs 246,000 pounds, while a four-legged 
tower on the same specifications would weigh about 25,000 pounds 
more, at an additional cost for ‘freight or boat" shops of about 
$1,750.00, showing a net saving of $1,714.00 for the three-legged 
feature, without considering freight and erection. Freight 
charges would be about 10 percent more for the four-legged 
tower, and, in erection, there would be about one-third more 
members to handle and set and connections to make than there are 
in the three-legged tower. Erection equipment has been worked 
out avoiding interference with sub-struts, and the like. 

If by “outlines” Mr. Fleming refers to the curve, of which the 
leg members are short chords, the only cost of this feature is that 
the gusset plates require a special lay-out and template at each 
story. There are six duplicate plates of each pattern in a tower 
and the last order was for eight towers, giving 48 duplicate plates 
from each template. Surely, with such duplication, the extra 
cost of layouts and templates could not much exceed $50.00 per 
tower. 

Mr. Fleming intimates that appearance is wasted in ''Almir- 
ante and Tegucigalpa," but might be warranted in “New York 
or Boston." Оп the contrary, the author is inclined to reverse 
that idea where the countries are of Latin extraction and civili- 
zation. But it should be noted that the curved outline has real 
and practical advantages on the side of economy which deter- 
mined its adoption, and that its appearance was only a by- 
product. 

The difficulty of adjustment of rods in the field is overcome 
by setting them to calculated lengths and locking them with 
safety set-screws at the shops. Very little adjustment has to be 
done after they are erected in place. The initial tension in rods 
does not act to increase the total maximum stress unless it is 
greater than the stress from loads. 

Mr. McKay says that “һе Bureau (of Yards and Docks) has 
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yet to record a single failure," and his next paragraph sets up a 
comparison which is misleading and not based on the facts stated 
in the paper. No failure has yet occurred in any tower designed 
by the author except where the 50 foot extension was added by 
others and the wire pull increased from 2,000 to 7,000 pounds, 
without increasing or reinforcing the sections below, and without 
consulting the designer. Excluding the shoes and anchors, the 
original towers weighed only 20 tons. Mr. McKay gives the esti- 
mated weight of the Bureau's 184-foot design for comparison 
with the original 200-ft. design described in the paper. More- 
over, while the Bureau's design specifies ‘minimum thickness 
of material 5/16 inch. except as shown," the webs of the chan- 
nels composing the legs for the lower 178 feet of the 300-foot 
design are under !4 inch thick—under 7/32 inch for two stories— 
and the same is true for the main struts up to 116 feet above the 
base, and the main connections are on these thin webs. Such 
sections are theoretically economical and permit much longer 
unsupported lengths with fewer struts and diagonals, showing 
a very large saving in weight, but leave small margin for deteriora- 
tion by corrosion. Such thin webs are weak links which, in the 
author's opinion, should be used only for temporary work or 
where conditions are most favorable for protection.  Laced 
channel columns, with flanges turned in, are much more expen- 
sive to fabricate than the sections shown in the paper, and, as 
has been noted, final costs and nor weights alone should be com- 
pared to determine relative economy. Тһе original 200-ft. de- 
sign had single angle legs, so much cheaper to fabricate com- 
pared with the sections used by the Bureau, that weight alone 
loses significance. Тһе design was modified in some details to 
suit a certain shop with limited facilities, to which the order was 
allotted, which explains the economical diagonal hitch used. It 
has served its purpose as most of the original towers are still in 
service, but in all later designs an improved connection has been 
used, with small eccentricity and no tension оп bolts or rivet 
heads. 

Figure 1 shows the top of tower four feet square, providing 
for considerable resistance to torsion, but adding considerably to 
weight and cost as compared with the Burcau's design with its 
top only about seven inches on centers of gravity of the angles 
and negligible resistance to torsion. Where loads, specifications 
and details are so different, comparisons of weights are likely 
to be misleading. 

The author has made designs for towers 600 ft. and 1,000 ft. 
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high, for loadings similar to those used by the Bureau, from 
which the interpolated weight of an 820-ft. tower is only 350 tons 
as against 560 tons, the estimated weight of the Lafayette Sta- 
tion towers on the Bureau’s design, as given by Mr. D. Graham 
Copeland. This shows a saving in weight of 37.5 percent with 
the Bureau’s design. 

Estimated weights from the design in Figure 19 are, for a 
240-ft. tower, 26 tons, and for a 300-ft. tower, 37.5 tons, which 
give when reduced to the Bureau’s loadings, 17.25 tons and 25 
tons, respectively, as against 19 tons and 30 tons from the Bu- 
reau’s design. This indicates a saving of 10 to 16 percent, not- 
withstanding Figure 19 shows a top width of seven feet com- 
pared with the seven inches of the Bureau’s design. 

The photographs of the wrecks show that all splices and con- 
nections held, confirming out judgment that the bolted connec- 
tions were properly proportioned. Practically the bolts by fric- 
tion, and theoretical bearing and shear do not act until slipping 
takes place. When and if bearing comes into play, the theoretical 
line contact is enlarged, elastically, as has been conclusively 
shown in the case of locomotive drivers on rails. 

Commenting on the discussion by Mr. Knox, credit for the 
method of locking the adjustable rods with safety set screws and 
for a number of tower details is due to the Fort Pitt Bridge 
Works. 

All details and connections of the walkway grating on the 
bridge were developed by the Irving Iron Works Company. 

Professor Fessenden asks for comparative costs of non- 
corrosive alloy steels. About two years ago the author made 
some inquiries along this line with discouraging results. The 
tonnage of single orders has not yet been sufficient to warrant 
the use of alloy steels with the delay in deliveries which would 
probably ensue. These preliminary inquiries indicated that the 
cost would be excessive. 

The nearest approach to a system of towers guyed to each 
other, “во that all would act as a unit," are the four Swan Island 
towers connected by two messenger cables and the antennas— 
see Figure 5. Unless outside guys are added, as at Swan Island, 
the connection between the towers is of small advantage, as the 
windward tower receives no support. The paragraphs on semi- 
guyed towers seems to apply to this case. 

Professor Fessenden’s suggestion that concrete pedestals 
should be reinforced for the twisting stresses due to earthquakes, 
deserves careful consideration. The pedestals of Las Vacas 
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Viaduct went thru the four severe shocks and many minor 
shocks of December, 1917, and January, 1918, which were of 
several different types, without any reported injury. 

The Bureau of Standards has made many tests or ехрегі- 
ments on wind pressure in wind tunnels, which, altho not directly 
applicable in cases of tower design, are instructive and helpful. 

Referring to Mr. Feld’s discussion, it is important to note that 
only with messenger cable or triatic systems is the wind incre- 
ment in wire pull as low as 17 percent of the dead load pull, and 
tower deflections are not unprecedently large. If ‘rather com- 
plicated stress distribution in the legs" refers to secondary 
stresses due to deflection, the author considers that they are con- 
siderably less than in cantilever bridges, and a remark made in a 
similar case by that eminent bridge engineer, the late Paul L. 
Wolfel, “it is an elastic structure and will take care of itself," 
seems applicable. Under wind loads the antennas blow out of 
line, which may be objectionable, but the maximum sag is fixed 
at the minimum at which the strands will carry the loads. A 
“Т” system, with anchored downleads, holds them nearer in line. 
The economical angle of guys—45 degrees—compared with that 
of Figure 5, would not have saved over $110.00 for the four towers, 
and other considerations favored an angle of about 30 degrees. 
At that time guys were not considered permissible except in the 
outside quadrant, and not near the mat rectangle. They were 
used only as an expedient to salvage the undamaged parts of the 
towers, and six years of service, during which they resisted a 
severe hurricane, has justified their use. Considering the history 
of Swan Island Station, it is not quite clear to the author at just 
what Mr. Feld was “astonished.” 

Mr. Feld is right as to the effect of the “К” bracing in story 
P-Q in principal, but they were additional reinforcement—not а 
"substitution," and it is important to note that they did not tie 
into the upper intersection at “©,” but left an unsupported 
length of 3' 6" for the 4" leg angle. Also that stories M-N-O-P 
and Q-R-S-T were nearly as weak and, after P-Q was reinforced, 
they were the critical ones. As one of the towers failed in story 
Q-R, above the “К” bracing, the influence of the latter could not 
have been very great except to prevent failure from occurring 
in story P-Q. Quite likely this was sufficient to cause two towers 
to fail in O-P instead of in M-N, as might have been expected. 
(Since they were generally reinforced from G to T, they have 
behaved very satisfactorily in а severe hurricane.) Тһе only 
importance this now has is the effect on the author's computa- 
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tions of probable average wind pressure at the instant of failure 
due to neglect of secondary stresses. but this error is on the side 
of safety and less than the limit of accuracy assumed for the 
method. The wind pressure adopted from these studies is con- 
sidered safe, but not excessive for that locality. 

Mr. Feld savs “опе stiff diagonal will replace two rods," but the 
slenderness ratio would then require sections for diagonals heavier 
than the horizontal struts, excluding a single system of bracing 
with reverse stresses from serious consideration. The substitu- 
tion of wire rope for tension members, which he suggests, would 
require the fabrication to be split up between structural shops 
and wire mills. Even with pin-connected, adjustable rods and 
pipe frames for antenna bridges, several large fabricators have 
not considered the work very desirable, and it is considered 
preferable to simplify and standardize rather than to introduce 
new complications which might prove very costly, altho invita- 
tions have not yet failed to get several satisfactory proposals. 
Inquiries for steel guy lines, protected and wrapped like the cables 
of large suspension bridges, have not found any manufacturer 
equipped to supply them. Increases in vertical loads within 
reasonable limits would not cause proportional increases in total 
stresses, as the wind stresses are the larger component, and ver- 
tical loads increase resistance to overturning. 

Mr. Feld says “it is especially important that there be no 
unequal settlement of the footings." With four-legged towers 
such settlements would be serious, but with three-legged towers 
the only effect would be to throw the tower out of plumb, and very 
considerable inequalities in settlement of the three pedestals 
would have to oceur before the stability would be in danger or 
the stresses dangerously increased. Оп the other hand, a very 
small inequality in settlement of a pedestal of a four-legged 
tower might increase stresses to the point of failure, especially 
in the diagonals. 

The author thanks all contributors to the discussion, espe- 
cially for analytical and critical comments, which have helped 
to clear up some points and to direct attention to others that 
might have remained obscure. 
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FURTHER DISCUSSION 
ON 


“AN IMPROVED SYSTFM OF MODULATION IN RADIO 
TELEPHON Y* 


By 
CHARLES A. CULVER 


R. А. Heising (by letter):f In looking over Mr. Culver’s 
paper entitled “Ап Improved System of Modulation In Radio 
Telephony,” I find a few points on which I differ from him. The 
system which he describes is not new to us because of its having 
been previously disclosed by Lockwood and Beauvais, as he 
mentioned, and also because it was independently invented by 
Mr. L. J. Sivian of this Company in 1917 or 1918. At that time, 
Mr. Sivian made a study of the system and his results did not 
show the system to be quite such a favorable one as Mr. Culver 
claims. Mr. Sivian tried out, not only the specific form which 
Culver showed, but numerous modifications of it. The best one 
of these modifications compared favorably with the constant 
current system as regards efficiency and completeness of modu- 
lation, but in some other respects it was inferior. Its greatest 
defect was that it had a curved control curve which would indi- 
cate that considerable distortion would occur in process of modu- 
lation. This curvature was such as to give distortion consider- 
ably greater than that in the constant current system. The 
system also would work with only certain tubes. One require- 
ment was a high amplification constant. It also appeared to 
work better with tungsten filament tubes, that is, with tubes 
which did not operate with a wide margin of temperature satura- 
tion. In many of the circuits which he tried, difficulty in adjust- 
ment was encountered. In order to make the control curve as 
straight as possible, specific adjustments had to be made which 
made it more difficult to operate or manipulate than some other 
circuits. He felt, at first, that he had found a system which was 
superior to any others, as has Mr. Culver, but after an exhaustive 


* See PROCEEDINGS OF THE INSTITUTE OF RaDio ENGINEERS, volume 11, 
number 5, October, 1923. 
t Received by the Editor, September 12, 1923. 
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study of the subject, he came to the conclusion that, in almost 
every respect, it was considerably inferior to what we were using. 

As regards modulation in general, there are a few points 
which I think would be worth while to emphasize. One of these 
is that whatever the modulation system, the over-all efficiency 
depends largely upon the efficiency of the generator of radio 
frequency power. A study of this efficiency over the power 
range that the generator operates during the modulation cycle 
will usually show where any shortcomings lie. If we do this for 
a system in which the antenna resistance is varied to do the 
modulating, we find that the efficiency drops to such low values 
and for such periods as to render such a modulation system no 
more efficient, and usually less so, than our present types. This 
is particularly true in vacuum tube oscillator or amplifier 
generators. The efficiency of any vacuum tube generator 
is high only when the impedance attached to the plate cir- 
cuit 18 greater than the output impedance of the plate circuit. 
Varying the antenna circuit resistance will cause this attached 
impedance to vary. Since reasonable modulation cannot be 
secured unless the antenna resistance varies over a wide range, 
the attached impedance will vary over a corresponding range. 
It happens that reasonable modulation will not be obtained 
unless such a range extends on both sides of that value which 
corresponds to the condition for delivering maximum power and 
it will be found that on one side the efficiency will be so low as 
to result in a lowered over-all efficiency of the system. 

For high efficiency in a vacuum tube generator, it is not 
sufficient to maintain the impedance of the attached circuit at 
a value equal to or greater than that of the tube, but the tube 
must also be operated at approximately full power. The reason 
for this is easily deductible from the principles pointed out by 
Professor J. H. Morecroft in his ‘‘American Institute of Electri- 
cal Engineers" paper of 1919. He shows that the losses within 
a power tube can be kept low only when the alternating potential 
of the plate approaches the direct potential in magnitude. There- 
fore when a vacuum tube is operated in any manner whatsoever 
so as to reduce the ratio of alternating voltage on the plate to 
direct voltage, the efficiency will drop. Any method of grid con- 
trol or antenna resistance variation cannot but help reduce this 
ratio, and the efficiency of the generator will fall to such a value 
that the over-all efficiency of the set will, at the best, be the same 
as that of the constant current system, if not falling much below. 
This element in operation is fundamental in Mr. Culver’s circuit, 
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and, reasoning from that premise, I would say, without ever try- 
ing out the circuit, that its over-all efficiency could not be greater 
than that of existing systems. 

This leaves, of course, only two ways for securing high 
efficiency in the generation of modulated power. One is always 
to operate the vacuum tube at full power, keep the impedance 
of the attached circuit at a large and fixed value and to do the 
modulating by varying the plate voltage. "This keeps the effi- 
ciency of the generator up during almost the entire modulating 
cvcle, especially during that part when very large power is being 
delivered. It is the method which is made use of in the constant 
current system. Тһе other method is to vary, in some way or 
another, the coupling between the vacuum tube and the tuned 
cireuit, keeping at all times the coupling above the amount 
necessary to give maximum power. That is, the coupling should 
be varied between the limits of the maximum power value and 
infinity. The variation of any constant in the generator circuit 
other than the coupling between these limits, will cause a reduc- 
tion in efficiency during part of the cycle which will reduce the 
over-all efficiency to an undesired low value. 

Another point on which I do not agree with Mr. Culver is the 
magnitude of the non-signaling current. The strength of a re- 
ceived signal is dependent, in the average detector, upon the 
magnitude of the variation of the antenna current and not upon 
the non-signaling current at all. It makes no differenee whether 
the non-signaling current is A or 2A as Mr. Culver mentions. 
In the constant current system the non-signaling current 15 А 
and the variation is 2А. His method of operation is to make the 
non-signaling value 2А and the variation 24. By making the 
non-signaling value 2A, he does not contribute in any way to the 
loudness of the signal, but does waste more power in the oscillator 
tubes than it is necessary to do. 

In any kind of a system the tubes must be built to produce an 
antenna current of 2 А amplitude. If a given number of tubes 
are provided and all tubes are used as oscillators, we can assume 
that at the voltage thev are operated at, зау 1,500 volts, they will 
give an antenna current of 24. If this adjustment is for maxi- 
mum power, than there is no possible method of control operating 
upon the oscillator eireuit. (other than plate voltage control), 
which will cause these tubes to give more than 2.4 current, and 
the modulation must be entirely downward, which is the wav I 
understand Mr. Culver intends to operate. If, however, we 
should take one-half of these vacuum tubes and adjust them 
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for maximum power on the same voltage, this number of tubes 
will give one-half the power that all would give, but half the 
power would be 0.7, the current that all would give. Under 
ideal operating conditions with one-half as oscillators in the con- 
stant current system and the other half as modulators, the non- 
signaling value of the current would, therefore, be 0.7 of 2A and 
the maximum current would approach twice that or 1.4 of 2A or 
2.8A. This indicates that at a given voltage with a given number 
of vacuum tubes, the constant current system can produce in the 
antenna a greater variation in antenna current than where all 
are used as oscillators. In order to get the same power into the 
antenna with all tubes as oscillators, it will be necessary to in- 
crease the voltage on them by a factor between 1 and 1.4 or we 
would have to raise the voltage nearly to 2,100 volts, and then in 
order to prevent over-heating of the tubes we would have to 
adjust our modulating device so that the non-signaling current 
would not be 2.84, but would be 1.4 A, the same as with the con- 
stant current circuit, and we find ourselves with no advantages 
but with a disadvantage of requiring a higher plate voltage. 

In comparing his set with some other set, Mr. Culver ties 
his comparison to the fact that the non-signaling power to the 
antenna in all these cases is supposed to be 500 watts. In the 
sets manufactured by the Western Electric Company to give a 
non-signaling value of 500 watts, approximately 1,000 watts are 
delivered to the oscillators, 450 to the modulators, and some- 
thing under 200 to all of the speech amplifiers. — This, of course, 
includes filament currents. Тһе oscillators deliver а steady 
power of 500 watts to the antenna, but under the condition of 
maximum modulation, the radio frequency power reaches a value 
close to 2,000 watts. In Mr. Culver's arrangement, the 500 watts 
is the maximum delivered to the antenna under any condition, 
so that as a matter of fact, the two sets should be compared on 
the basis of 2,000 to 500 rather than considering them equal 
powersets. Instead of showing his system to be an improvement, 
the total power consumption would indicate the reverse. Ас- 
tually, however, the system which he describes can be adjusted 
so that it would not show his system up to as great a disadvan- 
tage as the preceding would lead one to believe. Under the very 
best conditions, he could secure equivalent power efficiency, but 
would have the disadvantage of having somewhat more distor- 
tion as well as requiring a higher plate voltage if he used tubes 
having the same constants. 

Quoting distances over which a set or a system has been heard 


86 


gives no reliable information regarding the efficiency of a modu- 
lation system. Many people, for example, in the vicinity of 
New York write that they listen regularly to Havana, Denver, 
Iowa and other distant places. However, the amount of power 
necessary to span such distances at broadcasting wave lengths 
varies thousands of times, depending on atmospheric conditions. 
In the case of amateur reception we have added the large varia- 
tions in receiving conditions, receiving apparatus, and the per- 
sonal equations of the listeners. The only satisfactory com- 
parative test of modulation systems is successively to operate 
similarly power-rated sets embodying the systems, on a real or 
dummy antenna, measure the radio frequency power and the 
degree of modulation of each, in which case the results should be 
exactly in proportion to the product of these two factors. 

This does not mean, however, that the system Mr. Culver 
describes is of no use. Except for the disadvantages, which in 
many cases are not very serious, it has much to commend it. It 
will give quality good enough for commercial communication. 
It has an “apparent”? simplicity which lends itself readily to 
helping sales. It does not require as much amplification of the 
speech energy as other satisfactory systems. It is а practicable 
system. However, I think Mr. Culver has given it too broad a 
name. If he called it instead “Ап Improved System of Grid 
Cireuit Modulation in Radio Telephony," there could be no 
question on that point. 
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DIGESTS ОЕ UNITED STATES PATENTS RELATING ТО 
RADIO TELEGRAPHY AND TELEPHON Y* 


IssuED OCTOBER 30, 1923—DECEMBER 18, 1923 


By 
Joun B. BRADY 


(PaTENT LAWYER, OuRAY BUILDING, WASHINGTON, DISTRICT OF COLUMBIA) 


1,472,092—J. H. Round, filed July 9, 1921, issued October 30, 
1923. Assigned to Radio Corporation of America. 


RECEIVER FOR Rapio TELEGRAPHY, with a circuit for elim- 
inating atmospheric disturbances, consisting of an antenna system 
which is slightly out of tune with the signal waves and a rectify- 
ing circuit connected with the antenna which rectifies the result- 
ant current due to the forced and free oscillations in the antenna 
system. A circuit is then employed which is resonant to the 
beat frequency and the resulting signal is employed to actuate a 
responsive device. 


1,472,289—R. Bown et al, filed April 26, 1921, issued October 30, 
1923. Assigned to American Telephone and Telegraph 
Company. 
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Jr MESE 
Gunes 1,472,289—Radio-Wire Connecting Circuits 


*Received by the Editor, January 12, 1924. 
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RADIO-WIRE CONNECTING CincviTs, іп which existing line 
Wire systems are made to function simultaneously with radio 
transmission and reception systems. Link circuits are pro- 
vided and so organized as to interconnect wire lines with radio 
channels. It is necessary that the two-wire toll line be brought 
up to the radio station and be split into a four-wire circuit before 
connection with the radio transmitting and receiving channels. 
There are two possible places in the circuit where the necessary 
switching and operating arrangements шау be introduced. These 
are in the two-wire line or in the four-wire part of the circuit. 


1.472.218—--J. H. Hammond. Jr.. filed August 5. 1919. issued 
Oetober 30, 1923. 
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NUMBER D,172,218— Transmission and Receiving System 


TRANSMISSION AND RECEIVING SysTEM, іп which signals 
are transmitted on a series of waves upon which are impressed 
a plurality of series of periodic modifications of different. fre- 
quencies. А series of irregular modifications corresponding to a 
message are then impressed on said waves and modifieations, whieh 
are then received with extreme selectivity. 


1.472.470. R. V. L. Hartley, filed Mareh 30, 1918, issued October 
30, 1023. Assigned to Western. Electrie Company, Ineor- 
porated. 

METHOD OF AND MEANS FOR PRODUCING ALTERNATING CUR- 
RENTS by use of an oseillating electron tube having input and out- 
put circuits inductively coupled to each other with a condenser 
connecting the electrically remote terminals of the inductance to 
form withthe inductances a closed oscillation етее, which eircuit 
determines the frequency of the oscillations produced by the 
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oscillator. Another tube may be associated with the oscillator 
to impose a limiting effect upon the amplitude of the oscillations 
so that they will be the same during both positive and negative 
portions of the cycle. 


1,472,477—R. W. King, filed August 14, 1919, issued October 30, 
1923. Assigned to Western Electric Company, New York. 


ELECTRON DISCHARGE DEVICE, in which a supporting stand- 
ard for the electrodes is located centrally in the tube. The sup- 
porting standard is tubular in form and projects inwardly of the 
tube. The grid, plate, and filament are substantially mounted 
within the tube upon the inwardly projecting stem. 


1,472,583—W. Сі. Cady, filed May 28, 1921, issued October 30, 
1923. 


METHOD OF MAINTAINING ELECTRIC CURRENTS OF CONSTANT 
FREQUENCY in an electron tube generator which consists 1n con- 
necting a piezo-electri. resonator having two pairs of coatings . 
with one pair connected to the output circuit and the other pair 
connected to the input circuit, so as to cause an alternating cur- 
rent to flow in the output circuit, the frequency of which is de- 
termined by the mechanical vibrations of the piezo-electric 
resonator. This resonator has been previously described in these 
columns with reference to patent 1,450,246, and it consists in 
general of a plate of a piezo-electric crystal with coatings on its 
opposite faces. 


1,472,822--Н. A. Affel, filed September 24, 1919, issued Novem- 
ber 6, 1923. American Telephone and Telegraph Company 
of New York. 

CALLING ARRANGEMENT FOR Rapio SvsTEMS, in which the 
usual voice currents are impressed upon a modulator at the trans- 
mitter, causing radiation of energy in accordance with specch. 
and wherein an alternating ringing current may also be impressed 
upon the modulator for radiation by the antenna to operate a 
ringing signal at the distant receiver. 


1,472,987—P. B. Murphy, filed August 28, 1920, issued Novem- 
ber 6, 1923. Assigned to Western Electric Company, Incor- 
porated. 


SIGNALING SYSTEM for transmitting a ringing current from 
a radio transmitting station to a distant radio receiver and 
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causing а bell signal to be operated at the receiver. А carrier 
wave transmission system is provided at its transmitting station 
with means to cut off the local talking circuit from the outgoing 
carrier wave channel and to connect in its stead to the ourgoing 
channel a source for alternately applying two alternating cur- 
rents of different frequencies in a regular sequence. These alter- 
nately applied currents are caused to modulate the outgoing 
carrier wave in the same manner that it is modulated by 
special currents when carrier wave telephony is in progress. 
At the receiving station, the modulated carrier wave is detected 
or demodulated by the same apparatus used for detection of 
speech modulated waves and the detected alternate frequency 
currents are caused to energize selective circuits to control the 
operation of a differentially acting relay, which in turn operates 
the local signal element or applies the ringing signal to the re- 
celving circuits as the case may be. By making the receiving 
apparatus responsive only to the conjoint action of the prede- 
termined frequencies applied in a predetermined manner, the 
possibility of false signals being received is remote. 


1,473,070—S. T. Woodhull and G. T. Waller, filed September 
15, 1919, issued November 6, 1923. American Radio and 
Research Corporation. 

GaP for radio transmitters of the spark type. The patent 
covers construction of quenched spark gap which consists in a 
series of thin metal plates of uniform thickness each having a 
centrally disposed sparking area and an annular recess surround- 
ing the area. Separate lengths of conducting and non-conduct- 
ing material are provided which engage the front and back faces 
of the plates, respectively. An insulated gasket is provided 
between the plates forming a substantially air-tight sparking 
chamber. 


1,473,179—H. A. Fessenden, filed November 10, 1920, issued 
November 6, 1923. Assigned to Submarine Signal Company, 
Portland, Maine. 

METHOD FOR ELIMINATING UNDESIRED IMPULSES at а receiv- 
ing station, which consists in providing several channels in the 
antenna circuit for receiving the disturbing noises more effectively 
than the signals on one portion of the receiving system, recording 
the indications as received, and receiving said disturbing noises 
and desired signals in a more equally effective manner on another 
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portion of said receiving system, and recording the indications 
so received, and detecting and eliminating the disturbing effects 
by comparison of said records. 


1,473,220—H. F. Elliott, filed August 23, 1921, issued November 
6, 1923. Assigned to Augustus Taylor, San Francisco, 
California. 


NuMBER 1,473,220—Radio Telegraphy Signaling System 


Rapio TELEGRAPHY SIGNALING SysTEM utilizing an arc at a 
radio transmitting station. The arc transmitter is provided with 
the usual oscillatory radiating circuit. An oscillatory non-radi- 
ating circuit is connected with the source of oscillations. A loop 
circuit is inductively coupled to one or both of the oscillatory 
circuits and a plurality of reactors, connected in series, are pro- 
vided in each loop circuit. Shunting keys are arranged simultane- 
ously to short-circuit each of the reactors for oppositely varying 
the impedances of the loop circuits, thus enabling the non-radi- 
ating circuit to absorb energy during the intervals between which 
the radiating circuits are transmitting energy. 


1,473,417—Е. С. Beetem, filed June 16, 1920, issued November 
6, 1923. . 


Влого RECEIVING APPARATUS, in which the filament current 
for the electron tubes in the receiver is maintained constant by 
a circuit connection which includes a resistor of high positive 
temperature coefficient connected between the source of energy 
and the filament cireuit. А resistor is also connected in parallel 
with the filament to divert a portion of the current whereby the 
current in the filament is maintained constant at a different value 
from that of the current from the source. 
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1,473,433—А. W. Kishpaugh, filed Мау 3, 1921, issued Novem- 
ber 6, 1923, Assogned to Western Electric Company, Іпсог- 
porated. 


с 
NUMBER 1,473,433—Сагмег Wave Transmission System 


CARRIER WAVE TRANSMISSION SYSTEM, іп which the radio 
apparatus is located at a central station and arranged to be con- 
trolled from a switchboard which may be located at a distance. 
The generators which supply filament heating current and space 
current for the transmitting tube are controlled from the switch- 
board. Ап indicator is provided for showing the presence of the 
proper frequency in the transmitting antenna and for giving an 
alarm when the current varies or the frequency changes mate- 
rially. Provision is also made for preventing injury in the trans- 
mitter circuits from excessive space current before the cathodes 
have become fully energized. 


1,473,719—R. R. Beal, filed February 19, 1920, issued Novem- 
ber 13, 1923. Assigned to Augustus Taylor of San Fran- 
cisco, California. 

Каро TELEGRAPHY by means of an arc transmitter. This 
patent shows a circuit for an arc transmitter in which the con- 
tinuous signaling waves are converted into wave trains or wave 
groups at the transmitter so that signals so transmitted are 
readily received and identified by all receiving stations. The 
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signaling is accomplished by varying the core losses in а mag- 
netic core having a winding associated therewith and connected 
in the antenna circuit. An audio frequency flux is impressed 
on the core from a keying circuit reducing the hysteresis and the 
effective resistance of the antenna circuit, thus increasing the 
antenna current to signaling value. Normally the losses effec- 
tively increase the resistance of the antenna circuit to such a 
value that current therein is reduced below signaling value. 


1,473,921—J. Bethenod, filed May 6, 1922, issued November 13’ 
1923. | 


HIGH FREQUENCY SIGNALING SYSTEM utilizing high frequency 
generators such as alternators for the transmission of signals. 
A synchronizing connection is provided, enabling a plurality of 
high frequency generators to be operated in parallel. The syn- 
chronizing connection consists of a pair of impedances in series 
shunted by a condenser and an inductance in series. The radi- 
ating system is connected to the junction point of the impedances. 


Reissue 15,722—R. A. Heising, filed December 27, 1918, issued 
November 13, 1923. Assigned to Western Electric Com- 
pany, Incorporated. 

SYSTEM FOR PRopucinG MODULATED Waves in an arc trans- 
mitter. An electron tube circuit is provided in association with 
an arc oscillator. An auxiliary arc oscillating circuit is also pro- 
vided which has a period which tends to vary as the signal wave 
varies operating to control the main arc discharge for transmis- 
sion of signals. 


1,474,242—C. A. Culver, filed October 23, 1919, issued Novem- 
ber 13, 1923. 
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NUMBER 1,474,242—Acoustic Receiving Apparatus 
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ACOUSTIC RECEIVING APPARATUS, which consists іп an elec- 
tromagnet monotone system having an electromagnetically vi- 
brated reed supported at one end in order to be fully responsive 
to vibrations of a single frequency. An electromagnet is mounted 
іп а position to vibrate the reed from one side of the reed. А 
resonance chamber is located in a position on the other side of 
the reed and serves to amplify the intensity of sounds produced 
by the reed. The resonance chamber may be changed in period 
in order accurately to approach the period of the reed. Signals 
may be received by means of a listening tube connected with the 
resonance chamber. 


1,474,293—F. Reynolds, filed November 10, 1921, issued Novem-. 
ber 13, 1923. Assigned one-half to the Silica Syndicate, 
Ltd., of London, England. 


THERMIONIC VALVE,in which provision is made for the expan- 
sion and contraction of the electrodes under conditions of tem- 
perature change. The electrodes within the tube are telescopi- 
cally supported in members which are secured to the tube. An 
arrangement of springs within the telescopic members 18 рго- 
vided whereby the electrodes are free to expand or contract as 
the temperature within the tube may vary. 


1,474,382--Н. J. Round, filed March 31, 1920, issued November 
20, 1923. Assigned to Radio Corporation of America. 


APPARATUS FOR RADIO TELEGRAPHY AND TELEPHONY at the 
receiving station in which a coupled primary and secondary 
circuit is employed and a slotted metallic sheath positioned to 
surround the secondary winding. The metal sheath is connected 
with the filament circuit of the receiver. The metal sheath 
operates to eliminate the effect of short forced waves upon 
receiver. 


1,474,486—B. MacPherson, filed June 3, 1919, issued November 
20, 1923. Assigned to Wireless Specialty Apparatus Com- 
pany. 

ELECTRICAL CONDENSER of the stacked plate and sheet type, 
The stack is divided into sections, the sections being in series 
for high potential service. Тһе invention resides in connecting 
the sections together by providing a metal sheet between ad- 
jacent sections, the sheets being connected at one end with the 
terminal of one section and at the opposite end with the terminal 
of the next succeeding section. 
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1,474,726—A. Meissner, filed August 8, 1922, issued November 
20, 1923. Assigned to Gessellschaft, für Drahtlose Tele- 
graphie m. b. h. of Berlin, Germany. 


NUMBER 1,474,726—Method of and Arrangement for 
Receiving Electrical Gseillations 


METHOD OF AND ARRANGEMENT FOR RECEIVING ELECTRICAL 
OSCILLATIONS at a radio station, wherein the number of channels 
of communication simultaneously operable side by side may be 
quadrupled over the number of channels available with the usual 
heterodyne reception. In the present system the signals are 
received and then increased in frequency, before the heterodyne, 
and a beat frequency derived from the combination of the in- 
creased frequency and a local generator which is detected for 
observing the signals. The channels are separated by differen- 
tially increasing and thereby separating the frequency of the 
signals in the receiving station. 


1,475,164—W. В. G. Baker, filed June 9, 1922, issued November 
27, 1923. Assigned to General Electric Company. 


NUMBER 1,475,164—Signal Transmitting System 


97 


BITE ky, М H 
Digitized OV WI 


SIGNAL TRANSMITTING SYSTEM, utilizing vacuum tubes for 
the generation of radio frequency currents in which an electron 
current is controlled by a magnetic field. The oscillatory cir- 
cult is connected with the electrodes of a magnetron, and a wind- 
ing is provided surrounding the magnetron for producing a 
polarizing magnetic field. А third winding 18 provided surround- 
ing the magnetron for producing a magnetizing field of sufficient 
value to interrupt the production of oscillations in accordance 
with telegraphic signals. 


1,475,219—R. Bown, filed November 1, 1920, issued November 
27, 1923. Assigned to American Telephone and Telegraph 
Company. 

RADIO SIGNALING SYSTEM, arranged for multiplex operation 
with a plurality of transmission channels under centralized con- 
trol and arranged to operate in co-operation with a corresponding 
number of secondary radio stations without interference. "The 
transmitting frequency of a secondary station is controlled by 
transmitting from the primary station a modulated wave of fixed 
frequency. The received modulated wave is beaten at the second- 
ary station with the unmodulated transmitted wave of the sec- 
ondary station. Тһе frequency of the unmodulated transmitted 
wave is adjusted until the difference in frequency between the 
received modulated wave and the unmodulated transmitted wave 
is of such modulation as to pass thru a selective circuit associated 
with the receiving circuit of the secondary station. In this man- 
ner interference between stations is prevented. 


1,475,297 —R. B. Goldschmidt, filed June 25, 1920, issued Novem- 
ber 27, 1923. 

Rapio SELECTION SysTEM, which employs at the trans- 
mitting station a regulator which insures & uniform succession 
of trains of transmitted waves, and at the receiving station a 
regulator which causes the receiver to come into operation only 
during the time of transmission of such trains. The system is 
intended to eliminate interference from extraneous signals. 


1,475,448— Harold Rowntree, filed May 16, 1921, issued Novem- 
ber 27, 1923. 

ELECTRICAL TRANSMISSION OF COMMUNICATIONS, consisting 
of a method in which a plurality of characteristics of a transmitted 
carrier current. are continuously altered іп а predetermined 
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sequence of nature, type or degree of alteration. The carrier cur- 
rent is simultaneously modulated in accordance with the signal 
to be transmitted. The object of the invention is to secure greater 
selectivity for providing more channels of communication. 


1,475,583--С. A. Hoxie, filed May 20, 1921, issued November 27, 
1923. Assigned to General Electric Company. 

VARIABLE CURRENT GENERATOR, wherein the amount of cur- 
rent or voltage produced at any instant is controlled by a screen 
placed in the path of light travelling from a suitable source to a 
photo-electric cell. This screen is provided with specially formed 
cut-away or transparent portions and is arranged to be moved 
so that the light which passes thru these portions and falls upon 
the photo-electric cell is caused to vary in a manner correspond- 
ing to the variation which it is desired to produce in the current 
or voltage. The photo-electric cell is connected to control an 
electron tube circuit. 


1,475,632—H. B. Herty, filed February 10, 1922, issued Novem- 
ber 27, 1923. 


PROTECTIVE DEVICE FOR RaApio RECEIVING SYSTEMS, in which 
a thermal device is connected in the antenna system to control 
a relay circuit which operates on excess current for short-circuit- 
ing the element which couples the receiver to the antenna, there- 
by avoiding injury which might result to the receiver in case of 
excess energy in the antenna circuit. 


1,476,003—-De Loss K. Martin, filed August 18, 1922, issued 
December 4, 1923. Assigned to American Telephone and 
Telegraph Company. 

Rapio SIGNALING CALL SYSTEM, in which any one of а num- 
ber of remote stations may be called from a central radio station. 
The system includes a plurality of stations arranged for inter- 
communication, with calling means for establishing channels 
between one station and any other which comprises a given com- 
bination of voice frequencies on a plurality of different carrier 
frequencies. 


1,476,156—H. P. Donle, filed April 7, 1921, issued December 4, 
1923. Assigned to Connecticut Telephone and Electric 
Company, Incorporated. 


Rapio FREQUENCY Device which consists of a vacuum tube 
containing only a cathode within the evacuated space. The anode 
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is placed in intimate contact with the outer surface of the tube 
and connected with the cathode. An adjustable magnetizing 
coil is provided which surrounds the anode outside of the tube. 
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NUMBER 1,476,156-—Rabio FREQUENCY DEVICE 


1.475,027-- Б. Е. Randall, filed June 7, 1923, issued November 
20, 1923. Assigned to American Radio and Research Cor- 
poration, 

DETECTOR FoR Варто SIGNALS of the crystal type in which 
the connecting member held in contact with the rectifying crystal 
is maintained in position by a permanent magnet. The conduct- 
ing contact member may be moved in different positions and held 
in such position by the magnetic attraction between the contact 
member and the permanent magnet. 


1.476,691--L. Cohen and J. О. Mauborgne, filed January 26, 
1921, issued December 11, 1923. 
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NUMBER 1.470.09[- -ELECTRICAL SIGNALING 
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ELECTRICAL SIGNALING, in which а “wave coil" is employed 
for eliminating static disturbances at the-receiver. The receiving 
circuit may include an antenna tuned’ Бу & series condenser, a 
loop circuit, and a ground connection, constituting the antenna 
circuit. Тһе wave coil is connected to a point'ón the antenna 
circuit with the receiving apparatus associated with the wave 
сой. Тһе operation is as follows: "The antenna circuit t; 2, 3, 
4, and 5, is tuned to the frequency of the signal which it ig desired 
receive and if the capacity of the condenser 2 is small the шЧис- 
rance 4 large, the resonance potential across the condenser 2 may 
be made relatively very large, that is, many times the voltage 
induced in the antenna by the electromagnetic waves of the 
signal. Connecting the wave coil 6 to the point 3 on the antenna 
circuit, a high potential is impressed on the wave coil and part 
of the signal energy is transmitted over the wave coil effecting 
a wave development on the coil. Since the signal energy is trans- 
mitted at a high potential, the current in the wave coil is cor- 
respondingly small and the efficiency of transmission is accord- 
ingly large, comparatively little energy is lost in the.transmis- 
sion. By suitably adjusting the length of the coil in relation to 
wave length of the signals, one or more maximum potential 
points will occur on the coil. While good results may be obtained 
if the length of the wave coil is less than one-quarter of the wave 
length, it is preferable to have the coil of sufficient length to 
secure the development of at least a quarter wave length. By 
connecting the detector 8 to a maximum potential point on the 
wave coil, which is accomplished by sliding the ring 7 along the 
coll, a further increase in the receiving efficiency of the system 
is thus obtained. In using a three-electrode vacuum tube de- 
tector, the grid 9 is connected to the ring. When any other 
electrical disturbances act on the antenna, such as interfering 
signals or electrostatic disturbances, the effect on the detector 
is small, for the reason that the antenna circuit is not in reson- 
ance for the interference effects and hence the potential across 
the condenser 2 produced by these effects is relatively small. 
The effect is more in the nature of a rush of current flow thru the 
antenna circuit, part of which will necessarily be transmitted over 
the wave coil, but because of the large resistance of the wave 
coil the energy is quickly dissipated and the disturbance is very 
largely attenuated before it reaches the part of the wave coil 
which is connected to the detector, and therefore the effect on 
the detector is small. 


1,477,316—F. Conrad, filed July 11, 1922, issued December 11, 
1923. Assigned to Westinghouse Electric and Manufactur- 
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NuMBER 1,477,316—Rapio MODULATING SYSTEM 


Карпо MODULATION SYSTEM, in which a meter is provided for 
registering the alternating current component of the modulated 
current supplied to the oscillator tube at the transmitter. The 
meter is calibrated to indicate directly the ratio of the effective 
alternating current component to 0.7 times the steady direct 
current component. A current transformer is connected in cir- 
cuit with the oscillator and may operate an oscillograph or meter 
to indicate the ratio of the actual modulated current to the mini- 
mum modulated current possible without undesirable distortion. 
The apparatus is described in connection with a broadcasting 
station where the characteristics of the transmitter are always 
observable by the operator in charge of the station controls. 


1,476,721—D. Loss K. Martin, filed November 23, 1921, issued 
December 11, 1923. Assigned to American Telephone and 
Telegraph Company. 
\!/ (4) 6 
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NUMBER 1,176,721 —FREQUENCY CoNTROL SYSTEM 
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FREQUENCY CONTROL SvsTEM for producing synchronism be- 
tween a locally generated frequency and a controlling frequency 
transmitted from a distant point, which consist in adjusting an 
oscillator so that it will normally produce a frequency in the 
neighborhood of the controlling frequency, transmitting the con- 
trolling frequency thru a one-way device, and in impressing the 
controlling frequency thus passed upon the oscillator whereby 
the oscillator will oscillate in synchronism with the controlling 
frequency. 


1.477,314—Е. F. W. Alexanderson, filed June 24, 1921, issued 
December 11, 1923. Assigned to General Electric Com- 
pany of New York. 


Rapio RECEIVING SvsTEM having a circuit arrangement for 
preventing interference by signals from an undesired transmitting 
station. А multiple tuned circuit is connected to the antenna 
which is resonant to the frequency of the disturbing effect to be 
eliminated. А series tuned circuit is also connected to the antenna 
and it is also resonant to the frequency of the disturbing effect 
to be eliminated. Тһе electromotive forces derived from both 
: of the resonant circuits are impressed upon the same receiving 
circuit. By properly proportioning the circuits the voltage drops 
produced across these circuits by the desired signal may be made 
to be substantially opposite in phase, so that they will add in the 
receiving circuit. The magnitude of the voltage drop across the 
multiple tuned circuit will also be less than the voltage drop 
across the series tuned circuit. The signal which has a fre- 
quency only slightly different from that of the interfering wave 
may be received with practically full intensity at the same time 
that interfering wave is neutralized. 


1.477,645—В. E. Hall, filed August 13, 1919, issued December 
18, 1923. Assigned to Hall Research Corporation of Dela- 
ware. 


SIGNAL RECEIVING SYSTEM AND METHOD, in which a plurality 
of independent receiving stations located at separate points are 
all tuned to the same transmitting station. The separate relays 
operate to synchronously respond to the received signal and 
operate a central recorder connected in a relay circuit with all 
of the receivers. Static disturbances which are local to one of the 
stations may not exist at one of the other stations. Such dis- 
turbances being unsynchronized will not affect the central re- 
corder, while a desired signaling frequency will synchronously 
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operate the several receivers апа thereby control апа operate 
the central recorder. 
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STATION А STATION B. 


мі STATION C (Centrar Station) 


NUMBER 1,477,645—SIGNALING RECEIVING SYSTEM AND METHOD 


1,477,826—R. J. Heitzman, filed June 29, 1922, issued December 
18, 1923. 
DETECTOR STAND of the crystal type in which a lever 15 
pivoted upon a vertical standard and one end of the lever ad- 
justed up and down by rotation of a cam against the action of a 
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spring. А contact wire is attached to the opposite end of the 
lever and is capable of variable adjustment against the rectifying 
crystal. 


1,477,868—H. P. Donle, filed May 9, 1919, issued December 18, 
1923. Assigned to Connecticut Telephone and Electric 
Company. 

METHOD AND APPARATUS FOR INCREASING ELECTRONIC 
EMISSION from an electrode within the glass bulb of a thermionic 
valve which consists in extracting a metallic element from the ma- 
terial of the glass bulb and depositing the same upon the cathode. 
The patent states that with this arrangement the electronic emis- 
sivity 1s greatly increased. 


1,477,869—H Р. Donle, filed February 3, 1923, issued Decem- 
ber 18, 1923. Assigned to Connecticut Telephone and Elec- 
tric Company, Incorporated. 


ELECTRONIC EMISSION secured in increased proportions by 
attracting to the cathode of the tube electrically charged par- 
ticles of sodium. The object of the invention is to provide 
metallic ions within the tube and thus, in addition to furnishing 
a basis for ionization effects, increase the electron emission of the 
cathode for a given temperature. 


1,477,899—C. W. Rice, filed July 27, 1921, issued December 18; 
1923. Assigned to General Electric Company. 

HicH FREQUENCY SIGNALING SYsTEM, in which the stray or 
static ratio is materially improved at the receiver. А circuit is 
provided at the receiver which includes an artificial transmission 
line having an effective length equal to a plurality of wave lengths 
of the signals to be received. "The received signals are impressed 
on this transmission line and then the signaling currents derived 
from more than two points in the transmission line impressed 
upon the receiving apparatus. 


1,478,029—Lee de Forest, filed July 2, 1920, issued December 
18, 1923. 

Rapio RECEIVING SYSTEM for receiving undamped wave 
trains in the form of a musical note without the intermediary of 
a tikker, tone wheel, or mechanical interrupter of any kind, and 
further, without using the principle of heterodyne or beat note 
reception. The patent describes a circuit in which the received 
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radio frequency current is utilized to interrupt itself, thereby to 
produce current impulses of audio frequency. 


1,478,047—J. Mills, filed December 22, 1920, issued December 
18, 1923. Assigned to Western Electric Company, Incor- 
porated. 

Rapiro RECEIVING ЗУЗТЕМ for avoiding interference due to 
static or other atmoshperic conditions. A plurality of sets of 
incoming waves are separately received at different stations and 
caused to modulate separate carrier waves which are transmitted 
to the same receiving station, where they are combined to secure 
the signal with suppression of interference. 


1,478,050—E. L. Nelson, filed April 26, 1922, issued December 
18, 1923. Assigned to Western Electric Company, Incor- 
porated. 


MODULATION CIRCUITS AND MEASUREMENTS, in which a de- 
vice is employed at the radio transmitter which has an indi- 
cator moving over a calibrated scale. This device is responsive 
to current intensities and is included in the modulation circuit 
to indicate the degree of modulation. The patent points out 
that this measuring device is to be preferred over the oscillo- 
graph for studying output at the broadcasting station. 


1,478,072—H. J. Van Der Bijl, filed March 20, 1918, issued 
December 18, 1923. Assigned to Western Electric Com- 
pany, Incorporated. 


VacuuM TuBE construction in which the grid and plate 
are mechanically reinforced against distortion from their orig- 
inal shape by means of ridges on the plate and grid. These 
reinforcing means serve to always maintain the electrodes in 
the same spaced relation and at the same time they offer 
substantially no obstruction to the passage of electrons. 


1,478,076—H. W. Weinhart, filed August 7, 1919, issued De- 
cember 18, 1923. Assigned to Western Electric Company, 
Incorporated. 

ELECTRON DISCHARGE Device, in which an inwardly pro- 
jecting portion is provided within the tube upon which the 
electrodes are supported by means of bands which are inde- 
pendently clamped to the inwardly projecting portion. 


1,478,087—W. Wilson, filed November 21, 1919, issued De- 
cember 18, 1923. Assigned to Western Electric Company, 
Incorporated. 
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VACUUM TUBE construction, in which the cathode is formed 
by a plurality of intertwined twisted ribbons of thermionically 
active material. The object of the invention is to provide a 
cathode which has the property of large electron emissivity 
at a minimum temperature. 


1,478,342—R. C. Lewis, filed January 31, 1921, issued Decem- 
ber 18, 1923. Assigned to Coto-Coil Company of Boston, 
Massachusetts. 


ELECTRICAL AIR CONDENSER of the variable type in which 
the plates are supported in a single unitary mounting, con- 
sisting of a spider-member having an extended bearing hub at 
the center and three arms extending therefrom. The station- 
ary plates are supported from the extremities of the arms and 
the movable plates are journalled in the bearing at the center 
of the spider. 


List or Каро TRADE Marks PUBLISHED BY PATENT OFFICE 
PRIOR TO REGISTRATION 


(The numbers given are serial numbers of pending applications) 


185,394—''RADIODYNE" in ornamental design for radio re- 
ceiving sets. Western Coil and Electrical Co., Racine, 
Wisconsin. Claims use since August 19, 1923. Published 
November 13, 1923. 


185,822--“СиАхт” for crystal detectors. Foote Mineral Co., 
Philadelphia, Pennsylvania. Claims use since May 11, 
1923. Published November 13, 1923. 


185.823—''VaRIO-TENSER" іп ornamental design for cat 
whisker for detector. Foote Mineral Co., Philadelphia, 
Pennsylvania. Claims use since May 11, 1923. Pub- 
lished November 13, 1923. 


184,252—''MARLE" in ornamental design for transformers. 
Marle Engineering Co., Orange, New Jersey. Claims use 
since May 19, 1922. Published November 13, 1923. 


184,330—‘‘Micro-TuNE” for variable condensers. The Fett 
and Kimmel Co., Bluffton, Ohio. Claims use since May 
14, 1923. Published November 13, 1923. 


176,781—“‘Rapio ARGENTITE," a crystalline compound for 
detectors. J. Byrne Curry, doing business as Curry and 
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Coutellier, Los Angeles, California. Claims use since 
July 1, 1922. Published November 27, 1923. (Not sub- 
Ject to opposition.) 


165,987—''DicroaRAPH Rapio”’ in ornamental design for tele- 
phonic headsets. Dictograph Products Corporation, New 
York, New York. Claims use since Мау 1, 1922. Pub- 
lished November 27, 1923. 


185,665—''Munap'" for radio receiving apparatus. Mu-Rad 
Laboratories, Inc., Asbury Park, New Jersey. Claims 
use since November 20, 1921. Published November 27, 
1923. 


186,856—‘‘R. C. Co." for electrical condensers. Radio Con- 
denser Company, Camden, New Jersey. Claims use since 
February 1, 1923. Published November 27, 1923. 


187,109—''L-ANco" in ornamental design for vario-couplers. 
Lanco Coupler Co., Lancaster, Pennsylvania. Claims use 
since October 15, 1923. Published November 27, 1923. 


186,974—''BRADLEYLEAK" for grid leaks. Allen-Bradley Com- 
pany, Milwaukee, Wisconsin. Claims use since September 
1, 1923. Published November 27, 1923. 


179,912--“Ғооте” for radio crystals. Foote Mineral Co., 
Philadelphia, Pennsylvania. Claims use since May 1, 
1922. Published November 27, 1923. (Not subject to 
opposition.) 


168,936—“‘THE NORTH AMERICAN Каро & SuPPLY CORPOR- 
ATION" in ornamental design for Radio apparatus. The 
North American Radio and Supply Co., New York, 
Claims use since June 21, 1922. Published December 18. 
1923. 


181,510--“Екко” in ornamental design for radio phonograph 
apparatus. The Ekko Company, Chicago, Illinois. Claims 
use since July 1, 1922. Published December 18, 1923. 


183,040— Triangular design for dry batteries. National Car- 
bon Company, New York. Clains use since June 1, 1923. 
Published December 18, 1923. 


184,108--“Вавсв” in ornamental design for apparatus for 
adapting commercial alternating current for use in radio 
receiving circuits as a substitute for a storage battery. 
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Simplex Electrical Laboratories, New York and Brooklyn. 
Claims use since on or about July 1, 1923. Published 
December 18, 1923. 


185,358—“CELERUNDUM—THE CRYSTAL WITH A SOUL" for 
radio detectors. The Ferris Radio Research Laboratory, 
Boston, Massachusetts. Claims use since July 1, 1923. 
Published December 18. 1923. 


186,024--“Ехекккаруү-Тнккк” for dry batteries. National 
Carbon Company, Ine., New York, New Qork. Claims 
use since June 1. 1928. Published December 18, 1923. 


177,606—“TRUTONE” in ornamental design for radio loud- 
speaking horns. Claims use since July 5, 1922. Published 
December 18. 1923. Sadler Mfg. Co., бап Francisco, 
California. (This mark is nor subject to opposition.) 
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RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE BUREAU OF STANDARDS, 
WASHINGTON, SEPTEMBER AND OCTOBER, 1923* 


By 
І, W. AUSTIN 


(Снікғ, Карто PHYSICAL LABORATORY, BUREAU OF STANDARDS, 
WASHINGTON, DisTRICT ОЕ COLUMBIA.) 


(Communication from the International Union of Scientific Radio 
Telegraphy) 


Changes are reported to have been made at Nauen resulting 
in an increase of radiation height to 170 m. (557 feet), while the 
current has been reduced to 270 amperes. This gives a net de- 
crease in calculated field intensity, in America, of about twenty- 
five percent. The wave frequency is now 23.4 Ес. (A=12,800m.). 

The main points to be noted in the September and October 
measurements are: 

(a) The continued increase in strength of Lafayette, already 
mentioned, which is more than twice as strong in the forenoon 
(all daylight path) as in the same months last year, with no in- 
crease in antenna current. 

(b) The unchanged strength of Nauen, notwithstanding its 
decrease in antenna current. 

(c) That the afternoon fading of Lafayette is practically the 
same as last year, while that of Nauen continues nearly a month 
later; and that the heavy atmospheric disturbances have also 
continued much later, altho they were less severe during the 
summer. 


*Received by the Editor, January 15, 1924. 


FIELD INTENSITY OF NAUEN AND ОЕ DISTURBANCES 


(f = 23.4 kc., A=12.800m.) iN SEPTEMBER, 1923, IN MICROVOLTS 
PER METER 


9 A. M. З P. M. 


Signal Dis- Signal Dis- 
turbance turbance 

82 Mc pue 

29 120 


.0 
.4 
.0 
.5 
‚2 
‚0 
‚0 
‚0 
.5 
9 
‚2 


© 


Average 


*Not heard. 
**Not sending. 
....Not taken. 
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FIELD INTENSITY ОЕ LAFAYETTE AND OF DISTURBANCES 


(f=15.9 ke., 4=18,900 m.) iN SEPTEMBER, 1923, IN MICROVOLTS 
PER METER 


9 A.M. 3 P.M. 


Dis- Sienal Dis- 
turbance Б turbance 


Signal 


198 : TES 
120 100 
145 À 500 
180 
250 
200 
180 


| 
Average 45.8 | 105.2 210.7 


*Not heard. 
**Not sending. 
....Not taken. 


FIELD INTENSITY ОЕ NAUEN AND OF DISTURBANCES 


(f =23.4 Ке., 4212,800 m.) ім OCTOBER, 1923, ім MICROVOLTS 
PER METER 


! 


| 9 А.М. 3 P. M. 
i Signal | , Di Signal | Dis 
| Е turbance Б turbance 
Ee ыы зы Эс ы шы сен = 
1 | 51.5 50 26.5 200 
2 42.8 20 5.4 130 
3 | 42.8 45 17.0 95 
4 51.5 25 27.0 85 
5 55.7 20 Tt 110 
6 22.8 35 24.0 ue 
S 26.7 15 55.7 90 
б! 457 25 42.7 45 
10) 81.5 30 25.0 60 
1] 51.5 15 19.0 60 
12 60.0 20 16.7 180 
13 21.5 15 18.0 65 
15 26.7 35 13.6 | 100 
16 17.0 65 2.0 180 
17 34.0 15 30.0 30 
18 a 15 17.0 35 
19 34.2 10 30.0 25 
20 35.7 15 30.0 30 
22 21.4 15 17.0 40 
23 Dit 20 32.0 65 
24 42.8 10 17.0 55 
25 31.0 10 7.0 100 
26 25.0 10 5.0 65 
27 25.7 15 17.0 45 
29 33.0 20 9.3 100 
30 30.0 35 TT 55 
31 33.2 20 18.0 45 
Average 37.4 23.1 20.8 | 78.1 


*Not heard. 
**Not sending. 
.... Not taken. 
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FIELD INTENSITY ОЕ LAFAYETTE AND OF DISTURBANCES 


(f=15.9 kec., 4= 18,900 m.) ім OCTOBER, 1923, ім Micnovorrs 
PER METER 


9 А.М. 3 P. M. 


Dis- 
turbance turbance 


Signal 


196 
204 
212 
220 
220 
165 
165 
170 
195 
126 
186 
160 

90 
153 
212 


20 
27 
20 
30 
31 


Average 


*Not heard. 
**Not sending. 
...Моб taken. 


RATIO OF AVERAGES 


Signal | Disturbance; А. M. | P. M. 
Stations P. M. Р. М. Signal | Signal 


A. M. Dist. Dist. 


и С:-—-——-————_--—-————_—— — 


September 


5.1 
4.6 


October 


SUMMARY: The signal field strengths and the corresponding strengths of 
atmospheric disturbances are given for the Nauen and Lafayette stations for 
September and October, 1923. 
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SHORT PERIOD VARIATIONS IN RADIO RECEPTION* 


By 
GREENLEAF W. PICKARD 


(CONSULTING ENGINEER, THE WIRELESS SPECIALTY APPARATUS COMPANY 
Boston, MASSACHUSETTS) 


(Communication from the International Union of Scientific 
Radio Telegraphy) 


In any continuous measurement of the field intensity from a 
distant transmitter, we find both periodic and irregular varia- 
tions, often of great amplitude, and always of complex form. 
Some of these changes in the transmission coefficient of the radio 
circuit may be definitely correlated with solar and terrestrial 
happenings; for example, transmission is in general better in winter 
than in summer, better at night than during the day, and is usu- 
ally adversely affected at the time of intense aurora. These fluc- 
tuations are less prominent at the lower transmission frequencies, 
and increase until several thousand kilocycles is reached. Then, 
altho the data at our disposal today is quite limited, they appear 
to decrease, until at ten thousand kilocycles, more or less, the 
transmission becomes quite uniform.! Altho there is little doubt 
but that these fluctuations are due to changes occurring some- 
where in our atmosphere, we are to-day in ignorance as to the 
mechanism involved. 

If we confine our attention to frequencies between five hun- 
dred and fifteen hundred kilocycles, that is, to the band now 
principally filled with radiophone broadcasting, and to overland 
transmission at distances between one hundred and one thousand 
kilometers (62 to 620 miles), we find that the average midwinter 
field intensity is about five times greater than in midsummer. 

In the daytime, altho transmission is relatively free from the 
large amplitude short period variations commonly known as 
“fading,” "swinging" or "soaring," there is usually a slow change 
from hour to hour, which in the majority of cases appears as а 

* Received by the Editor, November 8, 1923. Presented before THE 
INSTITUTE оғ RADIO ENGINEERS, New York, December 12, 1923. 


! "Radio Telegraphy," Marconi, PROCEEDINGS OF THE INSTITUTE OF 
Rapio ENGINEERS, volume 10, August, 1922, pages 235 to 236. 
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gradual decrease from morning to night, the morning intensities 
often being twice those of the afternoon. 

About half an hour before sunset at the receiving point, the 
weak and relatively constant field from the distant station begins 
to show marked short period fluctuations which grow in ampli- 
tude from minute to minute until, soon after sunset, they usually 
assume grotesquely large amplitudes. The principal change 
from day to night is an increase in field intensity; in general, the 
lower limit of the night-time field is approximately the same as 
the late afternoon field, altho from time to time there will be 
found a momentary fall to a much lower value than at any time 
during the day. The upper limit of the night-time field is not 
so definite; it may be ten, a hundred or even on occasion thous- 
ands of times greater than the daytime intensity, depending upon 
the distance and the character of night. 

The amplitude of the short period variations, that is, those 
fluctuations ranging in duration from seconds to tens of minutes, 
is principally controlled by the distance between the transmitter 
and receiver, and this is true of both night and day transmission. 
At less than eleven kilometers (6.9 miles) from a broadcasting 
station, there is a well-defined short period fluctuation in inten- 
sity during night-time transmission, which is practically absent 
during the day, and which on some evenings shows an amplitude 
of ten percent or over. As the distance increases, the amplitude 
of the variations also increases, becoming readily observable by 
day at distances of fifty kilometers (33 miles), more or less. 

At first there is no change in the character of the fluctuation 
other than in amplitude, but when a distance of between one and 
two hundred kilometers (63 and 125 miles) is exceeded, the oscil- 
lations of periods ranging from seconds to a minute or two become 
less prominent, and the longer swings of minutes to tens of min- 
utes are accentuated. At an ill-defined distance of perhaps one 
hundred and fifty kilometers (94 miles) the amplitude of the 
shorter period variations appears to be at a maximum. 

When continuous records of night-time field intensity from 
a distant station are made at separated receiving points, I have 
found that altho the records are of the same general character 
they are not identical unless the receiving points are practically 
coincident. А separation of less than six hundred meters 
(1,970 feet) between two receiving points is sufficient to obliter- 
ate most of the detail resemblance between their records, save 
only for the more prominent long period swings. Equally, 
simultaneous records at a single receiving point from separated 
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transmitters show few detail resemblances other than the sea- 
sonal and diurnal changes, altho here there is, of course, a differ- 
ence in frequency. 

A comparison of records made on different evenings shows that 
these evenings may be roughly classified as quiet, moderately 
disturbed, or highly disturbed for all stations within a two or 
three hundred kilometer (125 or 188 mile) radius. Whenever a 
station eleven kilometers (6.9 miles) distant shows marked short 
period fluctuations, more distant stations will also exhibit the 
same disturbances. Ona quiet night the local station shows little 
or no variation in field intensity, and the more distant stations 
show principally long period disturbances. 

The records of broadcast transmission which form the prin- 
cipal part of this paper have all been made by reception on non- 
directional open antennas, as my object here is to present only true 
changes in intensity of electric field, as distinct from the changes 
in wave-front which often accompany them. In a subsequent 
paper I intend to present records made on both stationary and 
rotating directional aerials, in which I have found striking changes 
in wave-front over very short intervals, some of these changes 
being very definitely correlated with changes in true field in- 
tensity. 

The received current in the open antenna is impressed upon 
a crystal detector, directly if the field intensity is sufficient, but 
usually after from one to four stages of radio frequency amplifica- 
tion, and the rectified current from the detector is then passed thru 
a galvanometer. In one form of recorder employed for making 
these records, the registration is photographic, a beam of light 
reflected from the galvanometer mirror playing across a sheet of 
photographic paper wound on a slowly rotating drum, while in 
another and more portable form of recorder a pointer galvan- 
ometer is used, the registration being semi-manual. 

One of the arrangements employed for recording is shown in 
Figure 1. The open antenna O includes a filter F, for minimizing 
interference from local stations, a series tuning condenser C 1, 
a loading inductance L 1, and a coupling coil L 2. A grounded 
shield S electrostatically separates the antenna circuit from the 
tuned grid circuit L 3, C 2 of the radio frequency amplifier train. 
The amplifier circuit here shown is that of Mr. Chester W. Rice,? 
which I have found very stable and constant, and in every way 
suitable for this rather exacting work. The voltmeters VM 1 
and VM 2, which measure the filament and plate voltages in the 

* United States patent, number 1,334,118. 
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amplifier train, are essential adjuncts, as it is of first importance 
that the voltage amplification be kept rigidly constant over long 
periods. 

The amplified radio frequency current resulting from this train 
is impressed upon a crystal detector D, and the rectified current 
from this detector then passes thru a reflecting galvanometer RG, 
provided with a constant impedance shunt CIS for adjusting the 
deflection to the width of the record sheet. Monitoring tele- 
phones MP are shunted across the galvanometer circuit, with a 
series condenser С 8 to prevent any drain of direct current from 
the galvanometer circuit. A light projector P 1, consisting of a 
six-volt 2-candle-power lamp, a pinhole diafram, and a lens, 
throws a beam of light upon the galvanometer mirror, from 
whence it is reflected to a sheet of photographic paper wound 
оп а kymograph drum К, which is normally rotated once an hour 
Бу a clockwork motor M. A similar light projector Р 2, provided 


FIGURE 1 


in addition with an astigmatic lens A L, flashes a short line of 
light once every minute on the lower edge of the sensitive paper, 
thus giving a time scale. The galvanometer employed is of fair 
sensitiveness, giving approximately one millimeter deflection at 
one meter for a current of 10-7? ampere, so that it is not necessary 
to overload the ervstal detector, and so depart from the current- 
square relation between input and output. Тһе kymograph, 
galvanometer, and light projectors are, of course, installed in a 
dark room, with shielded leads running іп from the detector, 
which with its associated amplifier, tuner, and filter is placed in 
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another room. A crystal detector preceded by a radio fre- 
quency amplifier train is extraordinarily stable in adjustment, 
and the one employed at my receiving station in Newton Centre, 
Massachusetts,* has operated without readjustment for over five 
months at a time, with no measurable change in sensitiveness. 
Another form of recorder which has been extensively em- 
ployed in this work, and which has the advantage over the 
photographic form of portability, freedom from photographic 
process and delay, and great simplicity, is due to Mr. H. S. Shaw, 
Jr., who has been associated with me in this work almost from 
its beginning. А photograph of this recorder is shown in Figure 
2. А strip of paper, 9 em. (3.55 т.) wide, passes around a drum 


FIGURE 2 


D, rotated by а worm and gear drive from а Warren Clock 
Motor W M. A pointer galvanometer G to the left of the drum 
is connected to the crystal detector, and movements of its pointer 
are followed manually by the index J (the shadow of which is 
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cast on the galvanometer scale by the light Z) which in turn 
transmits the motion to an inking реп ІР, traversing the paper 
strip. It might be thought that this form of recorder would be 
rather tedious to operate, but after а few minutes’ recording the 
movements become almost automatic, and a record an hour long 
is not at all tiresome. The time scale of this manual recorder 
is made more open than the photographic, being 1.6 cm. (0.63 in.) 
per minute, while the kymograph scale is only 0.5 сіп. (0.19 іп.) 
per minute. 

With a fair intensity of electric field, that is, of the order of a 
thousand microvolts per meter, and a fair sized open antenna, 
excellent records may be made without any amplification at all, 
direct from the crystal alone, as may be seen from Figure 3. 
recorded by Mr. Shaw at Scituate, Massachusetts, from Schenec- 
tady, New York, 265 kilometers (165 miles) away. 


АЛ 


3:09 PM. | 212. 
FIGURE 3 


Another almost equally simple arrangement is to shunt the 
crystal detector across the plate impedance of a regenerative 
tube, and with this good records may be made with electric fields 
of a few hundred microvolts per meter. 

Ав mentioned above, the ordinates of these records are very 
closely proportional to the square of the electric field, so that they 
might properly be termed energy records. For many of these 
records I have determined approximately the values of the 
ordinates in microvolts per meter, and I have used this data in 
determining the seasonal variation in transmission. Owing to 
the extraordinary complexity of many of these records, it is 
difficult to determine the mean value over any extended period 
by mere inspection, and the method which I have adopted is to 
measure the area of the space between the curve and its base or 
zero line with a polar planimeter, and divide the result by the 
length of the base line. 


*Newton Centre is 11 kilometers (7 miles) in a westerly direction from 
Boston, Massachusetts. 
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Altho the methods outlined above appear and are actually 
simple, it is not altogether easy to obtain an unbroken series of 
good records from distant stations. When the field from the 
distant station is weak, high amplification is necessary, and the 
outfit is then at the mercy of disturbances, such as local spark 
station, nearby amateur working, and even a violently oscillating 
. receiver in the immediate neighborhood. Also, the record may 
start at a time of low field intensity, and the galvanometer shunt 
and amplification may be so pessimistically chosen that when the 
intensity rises most of the record will be ‘‘off scale." 

Before taking up the records in detail, I wish to make clear 
the relation between the intensities shown on my records and 
those observed by ear, either from phones on the head or from 
a loud speaker. In general, the human ear is unable to discrim- 
inate between sounds of the same character, but of different in- 
tensities, unless the difference is quite large. For example, trained 
observers making comparisons by ear of telephone transmission 
over different circuits are usually unable definitely to determine 
differences of less than one mile of standard cable, that is, & 
change in amplitude of about ten percent. Such a comparison 
is, of course, made under the most favorable conditions possible, 
that is, the two transmissions are rapidly alternated by switch- 
ing from one circuit to the other. Where there is no standard of 
comparison, and the observer is listening to & single transmission 
which is slowly varying in intensity, the change to be observable 
varies from about thirty to several hundred percent, depending 
principally on the rate of change and the absolute intensity of the 
sound in the ear. If the intensity is fluctuating rapidly, that is, 
every few seconds, discrimination is, of course, at its best, whereas 
if the change is a smooth one over a period of minutes, it will pass 
undetected unless quite large. Also, if the sound is very loud, 
discrimination is very poor. Finally, in listening to transmission 
from a broadcasting station, the relatively large changes in modu- 
lation due to the rapidily changing intensity of the voice or music 
tend to mask differences due to changes in transmission. 

In Figure 4 is shown a simultaneous record of the radio and 
audio frequency amplitudes in musical selections transmitted from 
WBZ, Springfield, Massachusetts, to Newton Centre, Massa- 
chusetts, a distance of 118 kilometers (74 miles). The fluctua- 
tions in intensity shown in the lower or radio frequency record 
are practically entirely caused by changes in transmission, where- 
as the variations shown in the upper or audio frequency record 
are due to both changes in transmission and in modulation. Thus, 
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from 8.33 to 8.35 P. M. the Springfield transmitter was not being 
modulated, and the audio frequency record remains near its base 
or zero line. But over this same period the intensity of the 
electric field is fairly high, as is shown by the lower record. In- 
asmuch as the galvanometer employed integrates the rectified 
radio frequency current over periods of several seconds, and as 
good broadcasting stations are rarely over-modulated, the radio 
frequency record, if taken in the immediate neighborhood of the 
station, would be practically a straight horizontal line, as will 
appear from the next figure. 


AUDIO 
EE ^ 


RADIO 


| А түһ Т ШТ | i ІШТІ I" UT 
Wii boa ыды ны 


840 


Fioure 4—W BZ, SUEDE Maesachüset ts—Newton Centre, Massachusetts, 
118 km. (74 miles), April 6, 1923 


The first records I shall show are of daytime transmission. 
In Figure 5 the distance is 11 kilometers (6.9 miles), and the 
Station was then operating at 830 kilocycles (360 meters). Тһе 


Ғівсне 5—W NAC, Boston, Massachusetts— Newton Centre, Massachusetts, 
11 km. (6.9 miles), March 1, 1923 


more pronounced ripples on this record are undoubtedly due to 
accidental variations at the transmitter, such as fluctuations in 
plate voltage due to power line changes, and possibly to occasional 
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slight over-modulation. If the broadcasting station radiation 
meter were of the recording type, it would probably make a very 
similar record. As to the tiny ripples, which occur several to the 
minute, I am inclined to attribute some of these to true daytime 
transmission change, in view of the fact that when the distance 
is increased, these same ripples appear with increased amplitude, 
but without material change in character. 

In Figure 6 is shown a superposed pair of records made in day- 
time from the Boston station WNAC at 1,080 kilocycles (278 
meters) at two receiving points in Newton Centre, separated 550 
meters (1,800 feet). The coincidence is practically perfect, which 
would indicate that the fluctuations shown are either all at the 
transmitter, or else that they cover a sufficiently large area to 
include both receiving points. The method employed for insur- 
ing coincidence in time was the very simple and effective one of 


making a sharp jog in the record line whenever the announcer 
said “ММАС.” 


дее Е 


<------ 6 MINUTES 45 SECONDS ------ 


FIGURE 6 


This eliminated any possible difference between the watches 
of the two observers, and enabled the records to be very accu- 
rately superposed. 

In Figure 7 are shown daytime records from three distant 
broadcasting stations, at ranges of 60, 290 and 225 kilometers 
(38, 181, and 141 miles), respectively. These records are typical 
of average daytime transmission from these distances on moder- 
ately disturbed days. The points marked “в s s ” on these 
records are disturbances due to spark working somewhere in the 
vicinity of Boston, which are, of course, prominent with the 
rather high amplification necessary for distant day records. 

Daytime transmission is, however, different for the same 
station from day to day, and this is well illustrated in Figure 8, 
which is of day transmission from WBZ, Springfield, Massachu- 
setts, to Newton Centre, Massachusetts, a distance of 118 kilo- 
meters (74 miles). June 9 was clearly a highly disturbed day 
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for radio transmission, June 10 moderate.y disturbed, while 
June 16 was obviously quiet. These three records fairly represent 
the average and extreme cases of transmission over this particular 
range, and altho taken in summer, do not differ from winter day- 
time transmission. 

The normal transition from day to night condito is well 
shown in Figure 9, which covers а period of four hours. Тһе late 
afternoon record beginning in the upper left-hand corner indi- 
cates & highly disturbed day (it merely appears flat by compar- 
ison with Figure 8 because of its much lower ordinates) with the 
usual weak field up to about forty minutes before sunset. 

Then well-marked large amplitude fluctuations commence, 
increasing in intensity, and coming in groups with an interval of 
about 7 minutes. No special disturbance appears to mark exact 
sunset at either Newton Centre or Springfield, but the amplitude 
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Ғісеве R—W BZ, Springfield, Massachusetts—Newton_Centre, Massachus- 
etts, 118 km. (74 miles), Daytime 


of the short period fluctuations, and also the mean intensity of 
the electric field, increases to a maximum about an hour after 
sunset, and then declines again. This record is typical of many 
which I have obtained thru the sunset period, and the tendency 
of the short period oscillations to occur in more or less periodic 
groups will be shown in many subsequent records. 
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Day transmission over short distances, as we have seen from 
the simultaneous record of Figure 6, does not show any marked 
differences when recorded at separated points, perhaps because 
the daytime fluctuations are then too weak to be recorded. But 
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"IGURE 10—WN AC, Boston, Massachusetts—N ewton Centre 


at night simultaneous records clearly show transmission varia- 
tions, which are different for even slightly separated receivers. 
The upper record of Figure 10 is the normal daytime transmission 
from Boston to Newton Centre, shown merely for comparison, and 
essentially similar to the records shown in Figure 6. The two 
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lower records are of night transmission from the same station in 
Boston, to two points in Newton Centre, separated by 550 meters 
(1,800 feet). These records are exactly superposed, the an- 
nouncer check points appearing at 8.42 and 8.52 P. M. on both 
records, and it will be immediately apparent that there is little 
correspondence between them. So far as my analysis of such 
records has proceeded, the only points of similarity are in the 
longer swings, which are here very poorly shown because of the 
flattening caused by the small amplitude and relatively long 
time scale. 

At the left-hand side of Figure 11 are shown five night records 
of transmission from Boston to Newton Centre, ranging from 
highly disturbed to quiet. At the right-hand side of the same 
figure are records made from distant stations on the same nights, 
and within fifteen minutes of the time of the local station records. 
It will be seen that on the nights when the record from the local 
station showed marked fluctuations, the distant stations showed 
a predominance of short period swings, while on the quiet nights 
the distant stations gave a predominance of longer period varia- 
tion. | 

In Figure 12 аге shown four night records of ММАС, Boston, 
Massachusetts, as received at Scituate, Massachusetts, 33 kilo- 
meters (21 miles) distant, of which the first 15 kilometers 
(9 miles) was over sea water, and the remainder over land. These 
records also show nights that range from quiet to highly disturbed, 
and differ in no essential respect from those shown in Figure 11, 
save for a marked increase in amplitude, caused by the increased 
distance. This increase in amplitude has, however, made ap- 
parent some of the longer periods, which, altho present іп Figures 
10 and 11, are masked by the flattening. 

Figure 13, like the preceding figure, is of night transmission 
from Boston to Scituate, a range of 33 kilometers (21 miles). It 
covers a period of nearly three hours, and is a beautiful example 
of oscillation groups with nearly quiescent periods between. 
There is а strong resemblance to a seismograph record of а 
distant and severe earthquake. The change of axis just before 
8.30 P. M. is perhaps due to a sudden change of adjustment 
of the receiving apparatus. 

The four records shown in Figure 14 are at a distance of 68 
kilometers (42 miles) from station WMAF at South Dartmouth, 
Massachusetts, to Scituate, Massachusetts, the frequency of 
WMAF being 845 kilocycles (wave length 355 meters). These 
four records are fairly representative of the different night con- 
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WOY SCHENECTADY, ¥.Y., --- NEWTON CENTRE, MASS 
225 KILOMETERS, OCTOBER 9, 1925. 
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УСТ SCHENECTADY, Е.Ү., --- NEWTON CENTRE, MASS., 
225 KILOMETERS, OCTOBER 11, 1923. 
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WOY SCHENECTADY, Е.Ү., --- БЕТОН) CENTRI MASS., 225 KILOMETERS, 
OCTOBER 31, 1923. 
8 
OY SCHENECTADY, N.Y., --- NESTON CENTRE, MASS., 225 KM., OCTOBER 20, 1923. 
КОЖА PITTSBUROH. PA., --- NEWTON CENTRE, MASS., 760 KM., OCTOBER 13, 1923. 
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WEAC BOSTON, WASS., --- NEWTON CENTRE, МАЗЗ., 11 KILOMETERS, OCT. 9, 1925 


VAIN WANA, „м 


WNAC BOSTON, WASS,, --- NEWTON CENTRE, WASS., 11 KILOMETERS, OCT, 11, 1923. 


WEAC BOSTON, МАЗЗ., --- NEWTON CENTRE, MASS., 11 KILOMETERS, OCT, 21, 1923, ` 


WHAC BOSTON, MASS,, --- NEWTON CENTRE, MASS., 11 KILOMETERS, OCT. 20, 192). 


ЧАС 805205, MASS. , eee WEVTOR CENTRE, М453., 11 КІТ,ОМЕТҰЯЗ, oct. 13, 1923, 


o 2 u 6 8 10 18 Minot 
Ғіссве 11—Night-time Comparison Reco} 


JUNE 28, 1925. 


ООРМ 


JULY 3, 1923. 


IO Рм. 7820 


AUGUS? 7, 1925. 


740 PM. 750 
Figure 12—WNAC, Boston, Massachusetts—Scituate, Massachusetts, 33 
km. (21 miles), of which the first 15 km. (9 miles) are over sea water. July 29, 
1923 


ditions over this range. They differ from the preceding shorter 
distance records in that the field no longer fluctuates about a 
nearly horizontal axis, and also in that the intensity occasionally 
falls to nearly zero. South Dartmouth, as normally received at 
Scituate in the daytime, is a strong station with very slight fluctua- 


133 


21 ло (нәш 6) "UIM EI 
әз \\ 995 ` ae 


JESSE 9 5 JU 'u0Jso "MM —OT GH 
УВ b. 5 к NA £I пу 
| E 'sijostiQoUssU[y *ojuti Toss) ОЕ Я “ух | 4 
'9 A[nf* “(зәри ра) "Urs eg 'sjjosuu 
tool , : 


MM Ма нан Т ДЇ МА 


Алек Mh 


КЕ 


tion, whereas at night-time not only does the record show an almost 
complete extinction at times, but the sound entirely vanishes in 
the monitoring phones, which shows very conclusively that the 
night intensity of a distant station may fall far below the day- 
time intensity. 
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FicurE 14—WMAF, Dartmouth, Massachusetts—Scituate, Massachusetts, 
68 Кіп. (42 miles), July 27, 1923 
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FiGURE 14A 


In Figure 14-A I have plotted the Austin-Cohen transmission 
formula as a percentage of the simple inverse distance formula 
against distance, for а transmission frequency of 833 kilocycles 
(360 m.). At 68 kilometers (42 miles), the distance from South 
Dartmouth to Seituate, the difference in electric field between 
the two formulas is only about 16 percent, which would appear 
in the voltage-squared ordinates of my records as а change of 
some 35 percent. Yet the record shown in Figure 14 shows 
variations which are at times enormously greater than this. 
Similarly, as will be seen from succeeding records, the transmis- 
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sion from Springfield to Newton Centre, 118 kilometers (78 
miles) apart, which according to the difference between the Austin- 
Cohen and the inverse distance should show only 25 percent 
variation in electric field, or a change in my ordinates of about 
56 percent, actually show fluctuations from minute to minute 
of tens or hundreds of times. On the other hand, Messrs. Nichols 
апа Espenschied?* have found that reception fluctuations in 
oversea transmission tend to lie between the inverse distance and 
the Austin-Cohen formula as upper and lower limits. It would 
appear from this that overland transmission is subject to much 
greater short period fluctuation than transmission over salt water. 
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Ғісуне 15—W BZ, Springfield, Massachusetts—Newton Centre, Massa- 
chusetts, 118 km. (74 miles), February 10, 1923 
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Figure 16—WBZ Springfield, Мазан Ны ton Centre. Massa- 
chusetts, 118 km. (74 miles), April 18, 1923 


ЗА “Radio Extension of the Telephone System to Ships at без,” Рко- 
CEEDINGS OF THE INsTITUTE OF Капо Ехсіхкенз, Volum» 11, Number 2, 
June, 1923. 
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Тед... 17—WBZ, Springfield, Massachusetts—Newton Centre, Massa- 
chusetts, 118 km. (74 miles), June 16, 1923 
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FIGURE 18 —WBZ, Springfield, Mace Ru E NU "Centre: Massa: 
chusetts, 118 km. (74 miles), September 11, 1923 


The four records shown in Figures 15, 16, 17, and 18 are rep- 
resentative of night transmission from Springfield to Newton 
Centre, a distance of 118 kilometers (74 miles). The first two 
records are at 750 kilocycles (400 meters), while Figures 17 and 18 
are at 890 kilocycles (337 meters), as they are subsequent to the 
change in frequencies effective on May 15, 1923. These four 
records run from quiet to highly disturbed nights, and it is inter- 
esting in connection with the change in frequency of this station 
that examination of my numerous records before and after the 
date of the change does not show any difference which could be 
attributed to this change. 

Figures 19, 20, and 21 are typical of Schenectady to Newton 
Centre transmission at night, a distance of 225 kilometers (141 
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FIGURE 19—WGY, Schenectady, New York—Newton Centre, Massachusetts, 
225 km. (141 miles), February 16, 1923 
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Figure 20—WGY, Schenectady, New York—Newton Centre, Massachusetts 
225 kin. (141 miles), April 26, 1923 
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Figure 21—W GY, Schenectady, New York—Newton Centre, Massachusetts, 
225 km. (141 miles), September 27, 1923 
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miles). We have now apparently reached the transmission dis- 
tance at which the shorter period fluctuations are at their maxi- 
mum, altho perhaps this may really lie somewhere between 
Springfield at 118 kilometers (74 miles) and Schenectady at 225 
kilometers (141 miles). From now on the records shown will have 
a predominance of the longer period swings. 

Figures 22 and 23 are representative of night transmission 
from WJZ, New York City, to Newton Centre, a distance of 290 
kilometers (181 miles). Figure 22 is of the opening night of Broad- 
cast Central (as duplex stations WJY and WJZ are termed), and 
the interest taken in this by my Newton neighbors is shown by 
the “squeal” record appearing just above the time scale markings 
at the lower edge of the sheet. Each time a beat note from a 
neighboring oscillating receiver was heard in the monitoring 
telephones, a spot of light was flashed on the record sheet. These 
squeals are noticeably grouped most closely around low spots in 
the transmission, and also around any interval when the station 
was not modulating. It is a fixed idea of the average broadcast 
listener that when signals are weak or absent his receiver must be 
suspected and adjusted. At this distance of transmission the 
character: of the record begins to change, and the longer period 
swings, measured in minutes, begin to become more prominent. 
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FIGURE 22—WJZ, New York City—Newton Centre, Massachusetts, 290 km. 
(181 miles, May 15, 1923 


Figures 24 and 25 are KDKA, Pittsburgh, Pennsylvania, as 
received by night at Newton Centre, a distance of 760 kilometers 
(475 miles). Тһе distance is now great enough to bring out 
strongly the long period swings, of about five and a half minutes 
in Figure 24, and about ten minutes in Figure 25. 
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On quiet evenings, as will be seen from later records of the 
same station, the long periods are even more in evidence. 

This record is typical of night transmission from WCAP, 
Washington, District of Columbia, to Newton Centre, a distance 
of 630 kilometers (394 miles). Altho the distance isless than that 
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FIGURE 23—W JZ, New York City—Newton Centre, Massachusetts, 290 km. 
(181 miles), September 16, 1923 


of the records shown in Figures 24 and 25, the transmission from 
this station is always relatively free of fluctuations having 8 
period of one minute or less. It would seem that the ground 
route followed by the transmission played some part in deter- 
mining the character of the variations. 
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Figure 24—KDKA, Pittsburgh, Pennsylvania—Newton Centre, Massa- 
chusetts, 760 km. (475 miles), February, 14, 1923 
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Кісске 25—KDKA, Pittsburgh, Pennsylvania—Newton Centre, Massa- 
chusetts, 760 km. (475 miles), March 22, 1923 
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Figure 26—WCAP, Washington, District of Columbia—Newton Centre, 
Massachusetts, 630 km. (394 miles), September 1, 1923 


Figure 27 is of night transmission from WDAP, Chicago 
Ilinois, to Newton Centre, Massachusetts, а distance of 1,400 
kilometers (875 miles). A long swing of about twenty minutes 
is clearly brought out in this record, with superimposed periods 
of about thirty and sixty seconds. This record was made оп а 
moderately disturbed night; on a quiet night the curve is much 
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FiavRE 27—WDAP, Chicago, Illinois—Newton Centre, Massachusetts, 
l, 400 km. (875 miles), August 2, 1923 
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Figure 28 is of night transmission from WBAP, Fort 
Worth, Texas, to Newton Centre, Massachusetts, a distance of 
2,600 kilometers (1,630 miles). А long period of some fifteen 
minutes is prominent, and with the rather high amplification 
necessary for this distant station, the background disturbance 
becomes quite appreciable. 
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Figure 28—WBAP, Fort Worth, Texas—Newton Centre, Massachusetts, 
2,600 km. (1,620 miles), February 8, 1923 
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Figure 29 is a simultaneous night record at Newton Centre 
of Schenectady, distant 225 kilometers (141 miles), taken at 
receiving points separated 550 meters (1,800 feet). With the 
exception of the period of high intensity at about 8.10 P. M., it 
is difficult to identify any of the detail of one record with that of 
the other. The longer period swings of these records are, how- 
ever, substantially the same, and this becomes apparent if the 
curves are smoothed. 

The fact that altho the shorter period swings are not the 
same on records made at slightly separated points, the longer 
period fluctuations are substantially identical, is well brought 
out by Figure 30, which is of night transmission from Pittsburgh, 
Pennsylvania to Newton. This was made on a quiet evening, 
so that the short period variations are weak, and altho consid- 
erable distortion occurs, particularly around 8.50 P. M., the main 
features of the two records are the same. 

If, however, the receiving points are at all widely separated, 
there is little or no similarity between their records of a distant 
station. In Figure 31 the transmitting station is WBZ, Spring- 
field, Massachusetts, and the two receiving points are Newton 
Centre and Scituate, Massachusetts, 118 and 155 kilometers 
(74 and 97 miles), respectively, from Springfield, and 41 kilometers 
(26 miles) from each other. Aside from the general increase in 
intensity after sunset, which was at 7.20 P. M., there is no cor- 
respondence between these two records. 
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FIGURE 31—Simultaneous Reception of WBZ, Springfield, Massachusetts, 

at Newton Centre, Massachusetts, and Seituate, Massachusetts, Distant 

115 and 155 km. (74 and 97 miles). Seituate is 41 km. (26 miles» from Newton 
Centre. June 9, 1925 
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Figure 32 1s a simultaneous night record at the same receiving 
point in Newton Centre, of two stations in Newark, New Jersey, 
distant 315 kilometers (197 miles), and, of course, operating at 
different frequencies. There are no points of correspondence 
between these records, save accidental coincidence of maxima 
and minima which would occur in the superposition of any two 
random complex curves. 
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Figure 32—Simultaneous Record at Newton Centre, Massachusetts, of WOR 
and WJZ (original location), both at Newark New Jersey, Distant 315 km. | 
(197 miles), March 2, 1923 | 


Figures 33, 34, and 35 illustrate simultaneous transmission 
to Newton Centre from widely separated broadcasting stations. 
As in Figure 32, there is a complete lack of correspondence. 
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FiıGurE 33—Simultaneous Record at Newton Centre, Massachusetts, of 
WEAF, New York City, and WJZ, Newark, New Jersey, Distant 290 and 
315 km. (181 and 197 miles), March 10, 1923 
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FIGURE 34—Simultaneous Record B Nee ton Contre: Massa chnse bs of W BZ, 

Springfield, Massachusetts, and WEAF, New York City, Distant 118 and 
290 km. (74 and 181 miles), February 24, 1923 
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Figure 35—Simultaneous Record at Newton Centre, Massachusetts, of 
CKAC, Montreal, Canada, and WEAF, New York City, Distant 405 ‘and 
290 km. (254 and ISI miles), February 24, 1923 


In Figure 36, which is a simultaneous night record at Newton 
Centre from New York City and Springfield, there 15 one cor- 
respondence; namely, the dead period beginning about 8.42 P. M. 
Unfortunately for further possible points of similarity, Spring- 
field signed off at 9.04 P. M. 

I have said above that reception from a distant station is not 
the same at separated points, unless the separation is very small 
indeed. In addition to extremely small separation, it is also 
necessary for identical records that the two antennas be of the 
same directional properties, and similarly oriented. 

In Figure 36-А is shown a simultaneous record оп two open 
antennas, separated only 30 meters (97 feet) on centers. The 
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two records are substantially identical, and the slight differences 
between them are probably due to the fact that one of the open 
antennas was a large T, while the other was of the inverted L 
type, so that there was a slight difference in directional properties. 
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FIGURE 36—Simultaneous Record at Newton Centre, Massachusetts, of 
WEAF, New York City, and WBZ, Springfield, Massachusetts, Distant 290 
and 118 km. (181 and 74 miles), March 10, 1923 
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Figure 36A—WNAC, Boston, Massachusetts, received 
at Newton Centre, Massachusetts, 11 kilometers (7 
miles) distant, November 13, 1923, on antennas 30 meters 
(97 feet) apart on centers. Upper record on large open 
antenna by Shaw; lower record on small open antenna by 
Pickard. Record is 4 minutes and 40 seconds long 
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Ғісоне 36B—WNAC, Boston, Massachusetts, received at Newton 

Centre, Massachusetts, 11 kilometers (7 miles) distant, on Novem- 

ber 13, 1923, on two small loops, 3 meters (9.7 feet) apart on cen- 

ters and in line with WNAC. Upper record by Pickard; lower record 
by Shaw. Record 18 6 minutes, 20 seconds 


Figure 36-B shows a simultaneous record on two small loops, 
3 meters (9.7 feet) apart on centers, and each loop in line with 
the broadcasting station. Неге, also, the records are substan- 
tially identical, the slight differences which appear being probably 
due to differences in the open antenna effect of the two loops, 
which were compensated. 
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But in Figure 36-C, which is a simultaneous record made оп 
antennas of different directional properties, the upper record 
that of a T open antenna, and the lower on a small loop, separated 
15 meters (48 feet) on centers, a total dissimilarity appears, both 
in shape and amplitude, the loop record showing about four 
times the amplitude of the open record. 
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Fiatre 36C—WNAC, Boston, Massachusetts, received 
at Newton Centre, Massachusetts, 11 kikometers (7 miles) 
distant, November 13, 1923, on antennas 15 meters (48 
feet) apart. Upper record on open antenna by Pickard; 
lower record on loop by Shaw. Record is 5 minutes long 


Figure 36-D is а double record made on two small loops: 
uncompensated, 3 meters (9.7 feet) apart on centers, at right 
angles with each other and each loop at 45? from the plane, in- 
cluding the broadeasting station. Here, also, the two records 
are entirely dissimilar. 
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Figure 36D—WNAC, Boston, Massachusetts, received at Newton Centre, 

Massachusetts, 11 kilometers (7 miles) distant, November 13, 1923, on two 

small loops, 3 meters (9.7 feet) apart on centers. These two loops were at 

right angles with each other, and at 45? with the radio bearipg of the Boston 

Station. Тһе upper record was made by Pickard on a loop in à NE-SW plane; 

the lower record is by Shaw on another loop ша NW-SE plane. Record із 9 
minutes long 


It has been thought that reception variations in loop recep- 
tion were largely due to changes in the direction of wave-front, 
and this may be true in some localities, and with certain distant 
stations. For example, I have often found large short-period 
variations in the apparent bearing of ship stations at night, when 
the receiving point was near the water's edge, and the line of 
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transmission ran grazingly along the shore. Under such con- 
ditions an apparently weakened or lost signal could sometimes 
be restored by swinging the loop thru 90°. But inland, and par- 
ticularly at my principal receiving point in Newton Centre, over- 
land reception from broadcasting stations does not show large 
changes in wave-front. А loop null point taken on WNAC, 
Boston, Massachusetts, 11 kilometers (7 miles) distant, remains 
constant thru an entire evening to within a degree or two, so 
that the effects shown in the preceding figures can hardly be due 
to changes in wave-front. 

Altho the relation of these short period flucuations to trans- 
mission frequency is a matter which I must reserve for a later 
paper, I have shown in Figure 36E an interesting simultaneous 
record, made at Newton Centre on two open antennas separated 
30 meters (97 feet) on centers, of the two transmission frequencies 
КОКА, Pittsburgh, Pennsylvania. The upper record is, at 920 
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Figure 36E—KDKA, Pittsburgh, Pennsylvania, received at Newton Centre, 
Massachusetts, 760 kilometers (565 miles) November 28, 1923. Upper record 
920 kilocycles (326 miles); lower record 3,200 kilocycles (94 miles) 


-— 


kilocycles (326 meters), while the lower one is at 3,200 kilocycles 
(94 meters). I selected this particular record because it was out 
of the ordinary in that there is a general resemblance between the 
curves; ususlly reception at 3,200 kilocycles is subject to a much 
more rapid variation than is here shown. Figure 36F, which 
is а four-hour record of КОКА at 3,200 kilocycles, is more nearly 
representative of this transmission. 
150 
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Ficure 36F—KDKA, Pittsburgh, Pennsylvania, received at Newton Centre, 
Massachusetts, 760 kilometers (565 miles), 3,200 kilocycles (94 meters), 
November 29-30, 1923 


I have devoted some little study to KDKA’s 3,200-kilocycle 
transmission, and the result, at least in so far as Newton Centre 
reception is concerned, may be briefly summed up as follows: 
In the afternoon and early evening reception from KDKA is 
often better at 3,200 kilocycles than at 920, while later in the 
evening the lower frequency is usually better. Until recently 
the higher frequency was quite free of disturbances; now there is 
a noticeable amount of amateur working at or near this frequency, 
and a sufficient number of oscillating receivers to much the 
quality badly at times. 

It has probably been observed by all broadcast listeners that 
in general the quality of reception from a distant station is mark- 
edly inferior to that obtained from a local station, this inferior 
quality being a matter entirely aside from impairmant of recep- 
tion due to disturbances. I am now convinced that the principal 
cause of the distortion in reception from distant stations is that 
the short period variations in transmission are not the same for 
the carrier wave and its two side bands, and I hope to present 
in another paper certain records which show this effect. For- 
tunately there are two obvious remedies for this form of distor- 
tion; the use of a single side band for transmission, and the em- 
ployment of much higher transmission frequencies. Neither 
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of these remedies will be immediately popular with the average 
broadcast listener. 

So far as the varying intensity of the sound in the telephone 
receiver is concerned, there are several simple expedients which 
will markedly smooth out reception from a distant station. 
Thus, the grids in a radio frequency amplifier train may be floated 
on a fairly large condenser, shunted by a high resistance. When 
reception is weak, the grids assume a small negative potential, 
and amplification is at a maximum. When the input rises, a 
a large negative charge is built up of the grids, and amplification 
is reduced. Similarly, a separate rectifier connected to the out- 
put end of the radio frequency amplifier and to the grids will have 
the same effect. 

So far I have confined myself strictly to my records, which 
have shown you graphically the facts of short period variations 
in broadcast transmission. There is as yet no adequate theory 
as to their cause. But I am sure you will agree with me as to the 
utility of hypotheses. Scientific progress is literally milestoned 
with hypotheses, most of which are to-day gravestones. But an 
hypothesis is at least something concrete, and if it stands the 
attack of new facts, and the further analysis and correlation of 
our present knowledge, it may form a stepping-stone to the 
truth. I have already mentioned a further paper on this subject, 
and in this I hope to present, among other things, the curious 
results of harmonic analysis of these record curves, some at- 
tempted correlation between these fluctuations and other ter- 
restrial happenings, and simultancous records of field intensity 
at a large number of separated points. I also hope to establish 
rather definitely the size and shape of the area within which these 
variations are identical. But at the present time I feel very 
strongly that any attempt at a detailed hypothesis would be 
decidedly premature, altho some rather general conclusions may 
not be out of place. 

A very odd explanation of these variations has been gaining 
much vogue in the popular scientific press, to the effect that they 
are due to other receivers in the neighborhood, particularly if 
these happen to be of the much maligned single circuit regenera- 
tive variety. I have many records of transmission, principally 
made by audibility meter measurement, which run back over 
fifteen years, when the density of receivers was far less than at 
present. These records show exactly the same short period fluc- 
tuations that now exist, so that this explanation does not seem 
very plausible. However, I have recently made a number of 
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records of reception from distant stations under conditions of 
severe exposure to nearby regenerative receivers, of which Figure 
37 is typical. 
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Ficure 37—W BZ, Springfield, Massachusetts, Received at Newton Centre, 
Massachusetts, Distant 118 km. (74 miles). Base lines as at 7.37 to 7.42 P.M. 
Indicate Periods of 5 Minutes each when Single Circuit Regenerative Receiver 
in Same House and with Adjacent Antenna was in Operation. September 10, 

1923 


In this record, the broken heavy base line indicates periods 
when a single circuit regenerative receiver in the same house with 
my recording set, and with a fair-sized open antenna adjacent 
to the one employed with the recording set, was ш operation. 
Full regeneration was used almost to the point of oscillation, 
but this record, like several others which I have made with dif- 
ferent exposures of antennas, shows no effect whatsoever. 

The fluctuations in radio transmission, at least those of short 
period, are at first thought most readily explained by the as- 
sumption of plural transmission paths; that is, the effect appears 
to be one of interference. I believe that De Forest was the first 
to suggest this іп 1913,? for short period variations in night- 
time transmission from the are stations of the Federal Telegraph 
Company on the Pacifie coast. Such plural paths may lie in 
altitude or azimuth, or both, but the favorite explanation has 
been that reflection takes place at some high level in the atmos- 
phere, because of an ionized stratum called “the Heaviside layer." 

In order to deflect electromagnetic waves, we may reflect 
them from a conducting surface or mirror, refract them by a 
change in optical density of the medium, or bend them by a two- 
of three-dimensional periodic structure of absorbing and non- 
absorbing elements. Inasmuch as, in our atmosphere, all three 
of these methods call for ionization, and as the maintenance of 
an ionized state requires energy, it is easy to arrange these 
methods in decreasing order of energy required to produce the 
observed effects, which would also seem to be the order of increas- 
ing probability. 


* PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 1, num- 
ber 1, 1913, pages 42-51. 
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Maxwell’s theory for the relation between the reflecting 
power of a mirror and its electrical conductivity‘ requires for the 
effective reflection of the waves employed in broadcasting a con- 
ductivity somewhere between fresh water and sea water. Eccles 
has computed’ the conductivity necessary for refraction of such 
waves to be out of the order of one-millionth that of sea water. 
I have approximately calculated the ionization required to reflect 
the waves on the assumption of a periodic structure; a sort of 
“mackerel sky"* of ionized clouds, with the result that a con- 
siderably smaller number of ions is required than for refraction 
by a uniform state of ionization. Because of the smaller amount 
of energy required to maintain such a stratified state, I have 
considered this the more probable upper-level condition capable 
of causing reflection-like effects. 

Inasmuch as I have found well-defined short period varia- 
tions of more than ten percent amplitude in transmission over 
a distance as short as eleven kilometers (6.9 miles), in which the 
direct path from transmitter to receiver was at least ten times 
shorter than the total “reflected” path, it would seem to involve 
nearly normal reflection with an efficiency of one hundred percent 
or over, on the conventional Heaviside layer hypothesis. If some 
recent* revisions of our ideas as to the density of our atmosphere 
at high levels are correct, the Heaviside layer is perhaps twice 
as high as we have supposed, which apparently removes it as a 
possible explanation of fluctuations over such short distances of 
transmission. 

In view of the fact that night-time transmission over greater 
distances than eleven kilometers (6.9 miles) not infrequently falls 
to much lower levels than at any time during the day, it seems 
necessary occasionally to invoke the assistance of some form of 
plural path transmission with its consequent interference effects. 
But the general tendency of night-time field values is to range be- 
tween the normal daytime transmission value as a lower limit, and 
the value given by the transmission formula without the exponen- 
tial or so-called absorption term as an upper limit. It would 
seem, therefore, that the principal factor affecting radio trans- 
mission was absorption, with reflection-like effects present,but 
playing a minor role. 

* Drude, "Physik des Aethers," page 574. 

$ Eccles, "London Electrician," 69, pages 1015-1016, 1912. 

“А “mackerel sky" is a dappled cloud formation consisting of heaped-up 
or rounded clouds arranged in wisps or streamers—EDIToR. 

“ Dobson, “Тһе Characteristics of the Atmosphere up to 200 Kilometers 


as Indicated by Observations of Meteors,” "Quarterly Journal of the Royal 
Meteorological Society," volume XLIX, 207, July, 1923. 
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It тау at first seem altogether unlikely that such rapid fluc- 
tuations as I havefoundintransmission could be caused by changes 
in absorption. Absorption can only be explained as due to ioniza- 
tion, and while it does not seem impossible that ionization 
changes large enough to affect our whole atmosphere might have 
a diurnal period and so cause the well-marked difference between 
day and night transmission, it is difficult to imagine such large 
scale effects varying with periods of minutes and even seconds. 
One difficulty in the past has perhaps been our tendency to at- 
tribute too much of the ionization to the effect of direct sunlight, 
and too little to the effect of alpha particles shot out by the sun, 
which continually fall in drifting clouds into our atmosphere. 
These charged particles may arrive intermittently and at short 
intervals, perhaps in groups of small, cloud-like masses, and be- 
fore the outer limit of our atmosphere is reached the earth's 
magnetic field begins to deflect and comb them out along its own 
direction. This process continues, perhaps, down to an elevation 
of some 150 kilometers (94 miles) or less, eventually drawing these 
clouds out into long streamers in a south to north direction. 
Then, perhaps, these streamers are captured by the high level 
air currents, which over the United States at heights of between 
100 and 20 kilometers (63 and 13 miles) drift slowly from west 
to east, and, finally, they become subject to the stronger and vary- 
ing low level winds. 

I have attempted to illustrate this idea in Figure 38. From 
А to B the clouds of charged particles are drawn out in a south- 
to-north direction as they fall; from B to С they are deflected at 
nearly right angles to this course, or in a west-to-east direction, 
and from C to D thay are at the mercy of the variable lower level 
winds. This results in the development of two striated layers, 
the upper one running south-to-north, thc lower one west- 
to-east. Some real vision of the upper level structure is 
perhaps given to us by the aurora, whlch may be simply 
electrical discharges following and lighting up these ionized 
paths. 

Such periodic structures as I have outlined could act as 
gigantic gratings, capable of reflecting as spectra the radiation 
from distant transmitters, and thus causing interference effects. 
For stations to our west or east, the upper laver would be more 
effective; for southern or northern stations the lower, because of 
the direction of the grating clements. According to this, there 
should be some difference between east and west transmission 
on the one hand, and north and south on the other. А com- 
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parison of a typical west-to-east transmission, such as that of 
Figure 27, with a typical south-to-north transmission does in- 
deed indicate a difference in the character of the variations. 

It is believed that at least a portion of the earth’s magnetic 


field is due to these descending charges, and if this is so, we should | 


expect to find some correspondence between magnetograph 
records and these transmission records. A magnetograph record 
does in fact show seasonal and diurnal changes, disturbances 
of great amplitude at times of intense aurora, and it also shows 
a variety of short period pulsations, measured in hours, minutes, 
and even seconds. Periods of 2 to 4 minutes are most frequent, 
while pulsations following each other at about 30 second inter- 
vals аге not uncommon. Some days аге relatively quiet, that is, 
free from rapid large amplitude oscillations, others are moder- 
ately disturbed, and many are highly disturbed. All of these 
effects are known in radio transmission, and some of them are 
shown in my records. In a later paper I hope to present simul- 
taneous transmission and magnetograph records. 

My present explanation of the transmission changes presented 
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іп this paper is that they are due primarily to changes іп absorp- 
tion, and secondarily to reflection-like effects. 

Both absorption and reflection are caused by ions in our 
atmosphere, which I assume are not uniformly distributed, but 
arranged in streamer-like clouds, oriented in the upper levels 
by the earth’s magnetic field, and in the lower atmosphere by 
air currents. During the day, the direct radiation from the sun 
adds to this ionization, producing thereby a sufficient uniformity 
in its distribution so that it acts principally to absorb, thereby 
masking any reflection effects which would be apparent in its 
absence. Before sunset the solar ionization decreases, and at 
night this additional source of ionization vanishes, and the de- 
scending ionized structure is unmasked, varying from minute to 
minute in its effect over a given locality as it drifts with the low 
level air currents. At times this structure becomes sufficiently 
periodic to form a two- or three-dimensional grating, and then 
interference effects are found, including not only transmission 
minima lower than any daytime value, but also changes in wave- 
front. Over short distances of transmission, individual or small 
groups of descending ions at very low levels may account for 
the short period swings which predominate in such transmission, 
so that the effect may be confined almost entirely to the lower 
atmosphere. Over greater distances, the effect would be a sort 
of statistical average of great numbers of these ion clouds, which 
would tend to smooth out the shorter period effects, and accen- 
tuate the longer periods corresponding with the arrival of large 
groups over large areas. Certainly there should be a marked 
correlation between transmission and weather. 

Nipher’ has found a well-defined correspondence between the 
horizontal intensity of the earth's magnetism and very local 
atmospheric disturbances. In Figure 39 his magnetograph 
records between 4 and 5 P. M. a sharp dip coinciding with the 
passage of a dense cloud. Other records show the effect of local 
air movement and small aread showers. Nipher’s conclusion is 
that “local variations in the earth’s magnetic field are determined 
wholly by local weather conditions"— perhaps the apparently 
very local short period variations in radio reception may be 
caused by changes in a comparatively minute volume of low level 
atmosphere. 

In conclusion, I wish to acknowledge my indebtedness to Mr. 
H. S. Shaw, Jr., for his invaluable co-operation in this work, not 


_ 7 Nipher, “Variations in the Earth's Magnetic Field," “Trans. Acad. of 
Есі. of St. Louis," volume XXII, number 4, 1913. 
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FIGURE 39 


only in the design of portable apparatus for recording and in the 
actual taking of many of the records, but for his many helpful 
suggestions. 


SUMMARY: Continuous records of electric field intensity at distances of 
from 11 to 2,600 kilometers (6.9 to 1,650 miles) from various broadcasting 
stations are made by amplifying and rectifying the received current from an 
open antenna, and recording galvanometer deflections produced by this recti- 
fied current. These records show a complex curve containing periodicities 
ranging from seconds to tens of minutes, the relative amplitude of the short 
and long period elements varying with the distance. The transition from day 
to night conditions is shown, and well-marked short period variations (‘‘fad- 

ing") in night-time reception from a station only 11 kilometers (6.9 miles) 
distant are found. Simultaneous records at separated receiving points are 
found to be dissimilar, even with separations as small as 550 meters (1,680 
feet), and simultaneous records of different distant stations taken at the same 
receiving point are also shown to be entirely unlike. A tentative hypothesis 
for these fluctuations is advanced by the author, in which verying local absorp- 
tion plays the principal part, but with marked interference effects produced 
by plural path transmission. 
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NEW APPLICATIONS OF THE SODION DETECTOR* 


By 
Haroup P. DONLE 


(CHIEF ENGINEER, CONNECTICUT TELEPHONE ANE ELECTRIC COMPANY, 
MERIDEN, CONNECTICUT) 


The general principles of one form of our sodion detector, 
which utilizes a highly electro-positive alkali metal, such as 
sodium, were recently described and demonstrated before THE 
INSTITUTE OF Клро ENGINEERS. It is believed that a descrip- 
tion of the details of another form of the sodion tube, together 
with a brief discussion of its operation, uses, and characteristics, 
will be of interest. 

Possible objections to the previously described form, from 
some points of view, are the necessary care in handling it on ac- 
count of its liquid anode and the need of operating it in a definite 
position. The form now to be described utilizes a solid anode, 
is of higher sensitiveness and is designed for economy in the 
filament power required. Its underlying principles are the same 
as those of the other form and reference is made to my earlier 
paper! for a discussion of some points not treated herein. The 
type S-13 sodion tube, the applications of which are the subject 
of the present paper, can be operated in any position, and uses a 
a filament current of less than 144 ampere. 

The structure of the S-13 tube is illustrated diagrammatically 
in Figure 1, where C and A are the collector and anode electrodes, 
respectively. These elements are both of nickel. The collector 
electrode C is of the same form and general proportions as in the 
previously described tube (that is, similar to the letter U with 
the filament F lying just within the open side.) The wires sup- 
porting these electrodes are sealed thru a glass bead B and the 
entire assembly mounted within a small glass tube S. On the 
outside of this tube or shell are cemented a few turns of resistance 
wire E which are connected directly in series with the filament 

+ Received by the Editor, October 10, 1923. Presented before THe In- 
STITUTE OF RADIO ENGINEERS, New York, October 10, 1923. 

1“A New Non-Interfering Detector"; presented before THE INSTITUTE 


оғ Rapio ENGINEERS, December 20, 1922; published on page 97 of the 
PRocEEDiNGS for April, 1923. 
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and serve the double purpose of maintaining the proper vapor 
pressure within the tube and further providing the necessary 
potential for the collector electrode. During the process of evacu- 
ation, which is carried to the highest possible degree, a small 
quantity of sodium is placed within the tube to provide the 
necessary operating characteristics. 
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In Figure 2 all the elements of this tube are shown before 
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assembly and also a complete tube. 
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FIGURE 2 


A desirable circuit for use with this tube is shown diagram- 
matically in Figure 3. Н represents the heater, shown for 
clarity above the tube and connected in series with the negative 
end of the filament in order to secure a negative potential for 
the collector circuit. C and A are the collector and anode elec- 
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trodes, and P is the potentiometer which is employed to regulate 
the potential of the collector for various conditions of operation. 
Since the greatest collector potential variation need never be 
more than a few tenths of a volt, there is connected in series with 
the positive end of the potentiometer a resistance to broaden its 
adjustment. This combination is connected across the tube 
terminals, rather than across the battery, in order that its range 
of adjustment will be independent of battery condition. 
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FIGURE 3 


The tuning portion of Figure 3 will be recognized as the or- 
dinary double inductively coupled circuit. The range of coupling 
used is considerably weaker than is common with less sensitive 
detectors. Thus high selectivity is secured in the antenna cir- 
cuit, the exceedingly weak coupling preventing detector reaction 
from increasing the primary damping to an undesirable extent. 
The response of the sodion tube is not affected greatly by changesin 
coupling once the circuits are reasonably well separated, and it 
has been found feasible to simplify the tuner adjustments by using 
a fixed but weak coupling. The flexibility of the outfit 1s so great 
that this coupling need not be changed, even tho the antenna 
constants vary widely in different installations. Figure 4 is a re- 
ceiving set using this circuit, designed particularly for use with 
the sodion detector and having the tuning and detector circuits 
in separate units. Another circuit suitable for use with this tube 
is shown in Figure 5. This simple arrangement has the advan- 


161 


tage of a single tuning control, and thruout a wide frequency 
range gives results nearly equal to the circuit of Figure 3. A 
complete set of this type is shown in Figure 6. 

We have found that inexperienced operators will usually 
secure louder signals and better selectivity with this latter circuit 
than with the former, due wholly to the fact that they will not 
properly adjust the double circuit type. 

It should be noted that there is only one tuned circuit used 


FIGURE 4 
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іп this arrangement, the detector input being inductively coupled. 
This circuit is made feasible by the high detector sensitiveness, 
and its inductive coupling adds materially to the selectivity. 


FIGURE 6 


The fundamental principles underlying the operation of this 
tube are complicated by a large number of factors. It is not per- 
missable at this time to give more than an elementary descrip- 
tion of its operation and a general sketch of some of the phenom- 
ena responsible for the reception of signals as well as of the effects 
produced by an alteration of the various tube adjustments. To 
aid in this brief explanation of the S-13 tube, the diagram shown 
in Figure 7 is given. This is an elementary diagram of the tube 
elements and external circuit, having the necessary sources of 
potential with an input coil J and indicating device T. Within 
the shell S is an alkali metal such as sodium, the proper condi- 
tions being maintained by the heater described above. 

When the cathode or filament F is heated to the proper tem- 
perature by means of a battery, not shown, electrons will be 
evaporated from it at a certain rate. Some of these electrons 
will be accelerated towards the anode by the potential of the 


163 


Гіссіпк 7 


battery Ел. Some others will pass to the collector electrode C 
by reason of their initial velocity of emission. The number of 
electrons moving to this latter electrode is, however, somewhat 
reduced by the potential Е,, which partially neutralizes the flow 
of current thru the collector circuit. The density of the electronic 
field between filament and anode will be partly controlled by the 
electrostatic field between collector and fllament. The number 
of electrons moving to the collector and, therefore, the effective 
potential distribution between collector and filament will be 
partly determined by the density of the electronic field around : 
the filament, or, in other words, by the magnitude of the space 
charge. 

It is convenient to consider conditions within the tube imme- 
diately after the filament is lighted. When the cathode reaches 
its maximum temperature and the potentials En and Ea are 
applied, there will be a flow of electrons thru the two circuits, in 
the direction of the arrows in Figure 7. In the anode circuit this 
electronic flow will be in the direction of the potential of Ea, but 
in the collector circuit the flow is against the potential of En. 

So far this description applies to a pure electron tube having 
electrodes of the form used in the sodion. The alkali metal 
atmosphere of proper density which is used in these tubes, how- 
ever, produces certain additional effects, а discussion of which 
will be interesting. 

When the alkali vapor is present, some of the electrons mov- 
ing between filament and anode and having the necessary ionizing 
velocities, will collide with atoms of the alkali metal and each 
such collision will result in movement toward the anode of two 
electrons. These two electrons are the initial electron and the 
one secured by ionization of the sodium atom. А positive sodium 
ion created by the collision will move backward into the dense 
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field of electrons surrounding the filament, thereby partially 
neutralizing the space charge. This partial neutralization of the 
space charge will allow the movement of more electrons to the 
collector, obviously increasing the flow of current in the collector 
circuit, thus further overcoming the potential of the battery En. 
This change in field between filament and collector will increase 
the flow of electrons to A, resulting in an increase in the num- 
ber of collisions and a repetition of the cycle. 

From a consideration of these phenomena it is obvious that 
the potential distribution between filament and collector will be 
gradually altered and the current in the collector circuit be in- 
creased by successive small increments, each requiring an appre- 
ciable length of time on account of the relatively slow motion 
of the atoms concerned. These increments will cause a gradual 
increase іп the collector current until a condition of equilibrium 
is attained. This condition of balance will be determined in part 
and may be controlled by the strength of the fields, the filament 
temperature, and the vapor pressure, as will be also the time re- 
quired to reach equilibrium. 

Under normal conditions a considerable time is required for 
the attainment of equilibrium on account of the mutual effects 
of the two circuits and the relatively slow motion of the heavy 
positive ions. Therefore, if a potential impulse of short duration 
is applied to the collector circuit, the polarity of which corre- 
sponds to a decrease in the potential of the battery En, the effect 
will be to slightly increase anode and collector currents. Since 
this impulse is of short duration, no time is allowed for these cur- 
rents to build up by the previously described phenomena. When 
the applied impulse is of a polarity corresponding to an increase in 
the potential of the battery Ha, the initial cause of the ionization 
phenomena is in part removed, and this will result in a large drop 
of anode and collector currents, and a considerable time will be 
required to restore equilibrium. Consequently the increase due 
to a positive impulse is much less than the decrease due to a 
negative impulse. 

When an unmodulated and relatively high radio frequency 
signal is applied to the coil Z, complete restoration of equilibrium 
cannot be nearly accomplished before the arrival of the next 
cycle which will, of course, add to the effect produced by the first 
in the same direction. Thus the collector current will slowly sag 
by the addition of these negative potential impulses until equili- 
brium is re-established under this condition and at a new value 
determined by the amplitude of the signal impressed. 
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The final result secured by this phenomenon 15 a large reduc- 
tion of anode and collector currents when unmodulated radio fre- 
quency voltages are applied to the collector, the reduction being 
under complete control as to time period, and so on, and, therefore, 
exceedingly sensitive to weak impulses. It has even been found 
possible under certain conditions so to increase the time required 
for restoration of the balance that when spark signals were re- 
ceived, equilibrium was not obtained after the passage of one 
train before the next arrived. Therefore, it was possible to add 
these wave trains and to secure an extremely large drop in col- 
lector and anode currents which has distinct possibilities for 
telegraph calling and similar systems. 

The typical static characteristics for a tube of this type, 
Figure 8, 9, 10, and 11 give some idea of the magnitude of these 
various effects. The increase of collector current due to ioniza- 
tion at various values of collector potential for normal operation 
is shown in Figure 8, together with the corresponding anode cur- 
rents. It should be observed that the collector potentials given 
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FIGURE 9 


here are measured from the negative filament terminal and do 
not include the heater potential. The curve J.—I.’ gives an index 
of the magnitude of build-up of the collector current and poten- 
tial due to the above-described phenomena, I.’ being the col- 
lector current when ionization is prevented in the field between 
flament and anode by opening the anode circuit. Figure 9 
shows the effect on this build-up of a variation of anode potential, 
Figure 10 the effect of a variation of heater current, and Figure 
11 the variation of collector and anode currents with a variation 
of anode potential. 

The effect of a variation of signal intensity on the change in col- 
lector current is shown in the curve of Figure 12. This curve was 
obtained by transmitting from one station a series of modulated 
signals of known relative power and observing the difference in 
collector current with and without the signal at a distant re- 
ceiver. These readings were taken in two ways, first, with a con- 
stant value of collector potential adjusted for the maximum 
signal at moderate power, and secondly, with this potential 
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adjusted to give the loudest signal for each of the power values 
used. 

A consideration of the two curves of Figure 12 shows the 
desirability of readjusting the collector potential for various 
signal intensities. 
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Current audibility readings on the modulated signal were 
also taken with telephone receivers in the anode circuit at the 
time data for the B curve of Figure 12 was secured. The results 
of these audibility observations are shown in Figure 13. It is in- 
teresting to note that the current audibility curve of Figure 13 
and the corresponding curve B of Figure 12 (showing the change 
in collector current when adjusted for the best signal on each 
power) are alike in form. 

Figure 14 is the relation of input radio frequency to output 
audio frequency. This is substantially a straight line and ac- 
counts in part for the clear undistorted signals characteristic 
of this detector. 
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FIGURE 11 


Audibility readings are of course exceedingly difficult to se- 
cure with even desirable accuracy and characteristic variations 
are shown by the location of points of observation shown in Fig- 
ure 13. On the other hand, the micro-ammeter readings of change 
in collector current plotted in Figure 12 show consistency and 
considerable precision. It is evident from this that the sodion 
tube provides us with a new and accurate means of measuring 
the strength of weak signals. 

Thus the tube has interesting possibilities for various meas- 
urement purposes, particularly on account of its simplicity and 
stability. For example, fading observations can be readily made 
with an extremely simple outfit requiring only an ordinary micro- 
ammeter in the collector circuit. This may have a small poten- 
tial applied to its terminals thru a resistance for the purpose of 
reducing the current thru the meter to allow a seale of, for 
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example, 100 micro-amperes to be used, and will give excellent 
results. With such an arrangement readings of collector cur- 
rent change (which have been shown to be proportional to 
audibility) can easily be taken every few seconds over a period 
of time. A typical set of observations made in this manner while 
receiving WGY at Meriden are given in Figure 15 and a similar 
set for the signal from WJZ in Figure 16. 

This system can readily be elaborated by connecting several 
different circuits, each with its detector and micro-ammeter as 
described above, to the same antenna. This will allow fading 
observations to be taken from several different directions and dis- 
tances simultaneously. Such an arrangement is perfectly prac- 
tical since no interference can possibly take place between the 
several circuits. 

The change of collector current for a signal secured by these 
above-described phenomena, when adjusted for telephonic re- 
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ception, is very large and the energy change in the collector 
circuit is very nearly equal to that in the anode circuit. 
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Some values of maximum collector current change for various 
broadcast signals are given in the table below. These were all 
taken under similar conditions on a small antenna in Meriden, 
Connecticut. 


Station Change in collector current 
WHAM, Rochester, New York....... 5.25 micro-amperes 
WEAF, New York.................. 6.00 micro-amperes 
WGY, Schenectady, New York....... 14.00 micro-amperes 
WJZ, New ҮогЕ.................... 4.5 micro-amperes 
WDAP, Chicago, Illinois. ............ 5.00 micro-amperes 
KDKA, Pittsburgh, Pennsylvania. .... 8.50 micro-amperes 


The over-all results secured with this tube are at least equal 
in signal magnitude to those from a regenerator or from an or- 
dinary detector with two stages of amplification, and this with- 
out unstable adjustments, distortion, or the possibility of inter- 
ference with other receiving stations. This latter point is a fac- 
tor of no little importance, particularly with the rapidly increas- 
ing congestion of receivers. Тһе tube has also а broad field in 
connection with radio frequency amplifying systems either with 
or without regeneration. Тһе gain secured by using such a sen- 
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sitive detector is the same in either case, in the former case оп 
account of the obvious impossibility of securing the full value of 
regeneration more than once in the same circuit. 
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The selectivity obtainable with the circuit of Figure 5 is not 
equal to that of Figure 3, but the addition of a simple radio fre- 
quency filter to the circuit will allow a substantial increase in 
selectivity. This filter may consist of a capacity inductance 
circuit closely coupled to a coil of a few turns, which latter is 
connected in series with the ground lead from the set. A filter 
of this type is shown in Figure 17. The addition of such a device 
will make the single control circuit very sclective and yet the 
filter adjustments do not noticeably affect the tuning of the re- 
ceiving set itself. 

The meter to measure change in collector current may be 
applied to a determination of the effectiveness of such a filter 
in removing a signal from the receiver. The results of a test of 
this kind are shown in Figure 18. 
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Many other uses of the sodion tube аге being investigated, 
and it is evident that the new device will be of utility not only 
as a radio receiver but as a laboratory metrical instrument. 


Research Laboratory of the Connecticut 
Telephone and Electric Company, 
Meriden, Connecticut, 

October 10, 1923. 


SUMMARY: Further improvements in a new type of simple detector are 
described and its operation shown to be the result of ionization of sodium 
vapor, consequent dissipation of the space charge and the increased current 
to the ''collector" electrode secured thereby. A condition of equilibrium is 
obtained and is broken up by an impressed signal. On account of the in- 
herent and controllable time element a gradual decrease in anode current for 
a series of input impulses is secured, resulting in a large alteration of current 
for impulses of low amplitude and consequently a strong response for weak 
signals. Power characteristics are given and possibilities indicated of the use 
of this device in various types of receiving circuit and also in measurement 
of signal strength, such as for the observations of fading 


THE CHARACTERISTIC SURFACE OF THE TRIODE* 


By 
J. В. TOLMIE 


(SEATTLE, WASHINGTON) 


INTRODUCTION 


The purpose of this article is to outline a method of repre- 
senting triode characteristics by means of surfaces rather than 
by curves. While at first glance this might appear to be an 
added complication, it is believed that it leads to a clearer physical 
representation than is possible by the more common method. 

The current in the plate circuit of a triode is a function of the 
filament temperature and of the grid and plate voltages, or 
I-f(T,E, E,). This function is too complex for ordinary 
geometrical representation and must be simplified before a visual 
image of it may be obtained. This may be accomplished by assign- 
ing constant values to the variable T which make Га function only 
of the grid and plate voltages Г =¢ (E,, Ep). Since the value of 
I depends simply upon the variables Е, and E,, it may be герге- 
sented as a characteristic surface, there being one and only one 
of these surfaces for each particular value of T. Likewise the 
static characteristic curves, giving the relationship between the 
plate current and grid voltage, are obtained by holding the fila- 
ment temperature constant and by assigning fixed values to the 
plate voltage. Figures 1 and 2 show the two groups of static 
characteristic curves depending upon the grid and plate voltages, 
respectively; by comparing these with the characteristic surface 
in Figure 3 it will be seen that the curves are simply the right 
angle cross sections of the latter. The surface thus shows the 
combined action of both the grid and plate voltages in their 
proper geometrical relationship. 


SURFACE CHARACTERISTICS 
As shown in Figure 3, the characteristic surface rises pre- 
cipitously from the reference plane of zero plate current to a 
parallel plane corresponding to the saturation current. The 
* Received by the Editor, August 21, 1923. 
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directions of the co-ordinate axes аге so chosen that the plate 
current is positive upward from the reference plane, the grid 
voltage is positive toward the right, and the plate voltage is 
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FIGURE 1 


FIGURE 2 


positivefaway from and normal to the grid voltage axis. The 
active portion of the surface is practically restricted to the cliff- 
like region running backward and toward the left from the origin 
or co-ordinates. It is this region that is used in amplifier and 
oscillator action and the upper and lower bends of which may be 
used for detector and modulator action. The active region ex- 
tends indefinitely backward and is limited only by the permis- 
sible voltage that may be applied to the plate of the triade. Ав 
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Figure 3—Characteristic surface showing Active and Cut-off Regions. Satur- 
ation current /,=7 milli-amperes 


very low values of plate voltage are approached, this region 
swings abruptly toward the right and becomes parallel to the 
axis of grid voltages. This portion is practically plane and 
serves as a cut-off region similarly to the saturation and zero 
current planes. In other words, this low plate voltage region 
serves to limit the possible variation in plate voltage in the same 
way that the saturation plane serves to limit the possible varia- 
tion in plate current. Тһе right hand portion of the character- 
istic surface is arbitrarily bounded by a vertical plane correspond- 
ing to a relatively large value of positive grid voltage. 

For high positive values of grid potential, either of two en- 
tirely different effects may manifest themselves, depending upon 
the internal structure of the triode. Тһе first of these may be 
termed grid absorption and is due to the deflection of electrons 
from the plate into the grid; this is especially noticeable in triodes 
having fine meshed grids. Тһе second effect occurs when elec- 
trons emitted from the filament reach sufficiently high velocities 
to cause secondary emission from the plate. This gives rise to 
a very distinctive surface lving far to the right of the one under 
consideration. Secondary emission is usually found in triodes 
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having very coarse grids and which operate with high plate 
potentials. 

It only remains now to note the effect of a variation in fila- 
ment temperature upon the shape of the plate current surface. 
Any change in filament temperature will produce a like change 
in the number of electrons available for maintaining the plate 
current. This, however, will make little difference except near 
the saturation region, which will be either raised or lowered, de- 
pending upon whether the filament temperature has been in- 
creased or decreased. A complete set of characteristic surfaces 
may thus be mapped out corresponding to all the possible values 
of filament temperature. 


THE IDEAL SURFACE 


Thus far the discussion has dealt entirely with the actual 
characteristic surface of the triode. It will, however, simplify 
matters to consider a new surface toward which the actual one 
may approach more or less closely. Such a surface is shown in 
Figure 4. It will be noticed that the active region is now re- 
stricted to a skewed plane which extends clear to the axis of grid 
voltages. In fact, the low plate voltage cut-off region now be- 
comes a zero-voltage cut-off plane. 

Deviation from the ideal surface is caused by a number of 
factors, among which may be mentioned the drop in potential 
along the filament, the non-uniform temperature of the filament 
due to end supports and the limitation of plate current due to 
thermionic emission. 

An approximate equation for the variable plate current 
may be obtained by expanding the functional relationship 
I —f(T, E,, Е,) in a Taylor's series, the expansion being taken 
about а point P, corresponding to a given value of the variables 
To, Ego, Epo lying within the active region. Another relationship 
between the variables may also be obtained by separating them 
into steady and variable components. 


Thus [=I,+1 where 12<1, 
T=T.+¢t Т>0 
EE bo Е»>0 
Е р = Ee, E,o< Ege 


where 1; is the saturation current апа Е, is a positive value of 

grid voltage dependent upon the shape of the low plate voltage 

cut-off region. For working conditions the variable temperature і 

is equal to zero, the fixed current Jo is equal to the normal plate 

current corresponding to the point Ро, e, is a variable voltage 
180 


impressed upon the grid, and e, is the corresponding variation 
in the plate voltage. It is important to note that this latter is 
equal to the impedance drop with sign reversed of the current 
in the plate circuit; that is, e; = — iZ, where z is the external plate 
impedance. 


Picture 4—Ideal Surface. Saturation current 7, 27 milli-amperes 
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Normally this series converges so rapidly that all higher order 
terms may be neglected, while with an ideal surface only the first 
two terms are necessary. 
Subtracting 1, from both sides of equation (2) and consider- 
ing an ideal surface 
t=G а Gpp 


where Gm= equals the slope of the active plane with re- 


A 
д Ee о 
spect to the grid voltage. 
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and G,= iE. equals the slope of the active plane with re- 


spect to the plate voltage. 
The quantities Gm and Gp are of the nature of conductances and 
are usually spoken of as the mutual and plate conductances of 


1 : 
the triode. Тһе reciprocal of the plate conductance G, = R, is 


termed the plate resistance, while the quantity an is called the 
p 


amplification constant, usually denoted by и. As may be seen by 
referring to Figure 4, the ratio of the two slopes or of the mutual 
to the plate conductance, is а measure of the relative effective- 
ness of a change in the grid or plate voltages in producing a given 
vatiation in the plate current. 
Equation (3) may be transformed as follows: 
і-С,6,- 6,12 


H eg 
= 4 
In general й=К+7Х 
№ Eg maz sin (wt — 0) 
So that i= И.В: 
where @=tan-! = (5) 


R +R 
Equation (5) expresses the fact that the alternating plate cur- 
rent is produced by the action of an equivalent voltage of value 
ҺЕ, та Sin wt working into the total impedance of the plate 
circuit. A slightly different method of describing the same con- 
dition is to consider that the grid voltage is impressed upon a 
circuit having an equivalent impedance of value 


ЖҮРІП 


the power factor remaining the same in both cases. 


QE,. 
Since the plate resistance №, = 5 is also a function of the 


variables Е, and E, it may likewise be shown іп the form of a 
surface. Such a plate resistance surface taken from an actual 
tube is shown in Figure 5. As will be noted, the bottom of the 
gap corresponds to the value of resistance in the active region of 
the plate current surface. The sides, which rise precipitously, 
should continue indefinitely upward since the value of plate resis- 
tance rapidly approaches infinity, when the zero-current and sat- 
uration planes are reached. The observed data necessary for 
182 


FIGURE 5— Plate resistance surface. Active value of plate resistance. 
К, =18,000 ohn s. 


constructing the surfaces shown in Figures 3 and 5 were taken 
from a Radiotron type UV-201 amplifying triode. This particu- 
lar type of triode was selected for the work because of the very 
wide range of voltages that may be used without causing exces- 
sive heating in either the grid or plate structures. The main 
considerations apply equally well, however, to any type of 
tungsten filament triode irrespective of its particular power rating. 


OPERATION (AMPLIFICATION ) 


Nearly all of the properties of the triode may be described in 
terms of the motion of the representative point P upon the char- 
acteristic surface. This motion is not restricted to the static 
characteristic curves, but is perfectly general, thus allowing P 
to range over any point upon the surface. This gives rise to a 
new set of curves which are termed the dynamic characteristics. 
A dynamic characteristic is always obtained when a triode works 
into some form of a load circuit and is produced by the action of 
the impedance drop in that circuit. In Figure 6 is shown a set 
of dynamic curves corresponding to various load resistances in 
the plate circuit of an amplifier. The group of curves Ro... 4) 
all pass thru the operating point Р, (Е, = — 16.5, Eps = 160) апа, 
as will be noticed, decrease in slope with an increase in load re- 
sistance. This is to be expected since the greater the value of R 
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апа G,= S. equals the slope of the active plane with 
po 


spect to the plate voltage. 
The quantities G,, and бр are of the nature of conductances an 
are usually spoken of as the mutual and plate conductances : 


| 1 
the triode. Тһе reciprocal of the plate conductance а = R, 
P 


termed the plate resistance, while the quantity єт is called : 
p 


amplification constant, usually denoted by и. As may be seen 
referring to Figure 4, the ratio of the two slopes or of the mut 
to the plate conductance, is а measure of the relative effect: 
ness of а change in the grid or plate voltages in producing a gi " 
vatiation in the plate current. p 
Equation (3) may be transformed as follows: 
1-(7,4- (6,12 
= К ба 
Ер +Z 


In general Z= E -; X 
№ Eg maz sin (wt — 0) 


So that i= VR, EPA 5. 
X 
=> _1 __ 
where @=tan : ЕБЕ 


Equation (5) expresses the fact that the alternating plat: 
rent is produced by the action of an equivalent voltage of 
Е мау Sin ші working into the total impedance of the 
circuit. A slightly different method of describing the sam: 
dition is to consider that the grid voltage is impressed u 
circuit having an equivalent impedance of value 
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the power factor remaining the same in both cases. 
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the more marked will be the effect of the plate Ri drop until 
when Ё = œ there is no variation of plate current whatever and 
the dynamic curve becomes a horizontal line. This sheaf of 
dynamic curves is bounded by the horizontal curve for infinite 
plate resistance and by the static characteristic, shown in full 
line, corresponding to & load resistance of zero value. Тһе slope 
of these curves depends simply upon the value of the load im- 
pedance and is not dependent to any extent upon the position 
of the operating point. In other words a change in the position 
of the operating point will simply shift the dynamic character- 
istic parallel to itself; see, for instance, the curves А, and Rs in Fig- 
ure 6. Over the greatest portion of their range the dynamic 
curves are very nearly straight lines and become curved only as 
they approach the cut-off regions. 


FiGvRE 6—Unity power factor dynamic characteristics. Internal plate 
resistance = 18.000 ohms. External load resistance К, =20,000 ohms, №, = 
50,000 ohms, R, = 100,000 ohms, №, = о, К, = 20,000 ohms, А, = 20,000 ohms. 


The condition for distortionless amplification is that a linear 
proportionality be maintained between the values of plate 
current and grid voltage. This means that the operating point 
must be kept well within the active plane of the characteristic 
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surface. When this is not the case and it is allowed to approach 
too closely to the saturation region, as for example Р; in Figure 
6, considerable distortion will ensue. If now, however, the fila- 
ment temperature be sufficiently increased, the active plane will 
be extended upward and correct. operation may be obtained. 
This explains why the triode is often so sensitive to variations 
in filament temperature. 

The triode when functioning as an amplifier is capable of 
amplifying either voltage, current or power; the adjustments for 
the three conditions are, however, quite different. To obtain a 
large voltage amplification it is necessary to have the dynamic, 
curve cut off by the low plate voltage region. This means that 
a large value of load resistance is required. If this is not the case, 
a portion of the plate voltage is not being utilized. А glance at 
the curves in Figure 6 will make this clear. A convenient 
method of obtaining the effective voltage amplification corres- 
ponding to a given load resistance is to determine the variation 
in plate voltage caused by a given impressed grid voltage. The 
ratio of these two voltages is then the quantity desired. For 
example, in Figure 6 with curve Ri, (А, В) a variation of 27.5 
volts in the grid circuit will produce a change of 80 volts in the 
plate circuit; the effective amplification constant is then equal 
to 2.9. With an infinite load resistance the effective constant 
approaches its theoretical maximum, as may be easily checked 
from the figures, the result being 5.3, which compares i c 
with the measured value of 5.5. 

For current amplification, just the opposite conditions pre- 
vail. The dynamic curve should be cut off by the saturation 
plane and the maximum current amplification will be obtained 
when the load impedance is equal to zero. 

The condition for best power amplification will then lie be- 
tween the two conditions already outlined, or when the product 
of the alternating plate current and plate voltage, for a given grid 
nput, is a maximum. For a given value of alternating grid 
voltage eg, this product is equal to 


ие. R 
(Rp+R)? 


which is a maximum when № = R, or when the external resistance 
is equal to the dynamic plate resistance. This condition 1s shown 
by the curve А, of Figure 6, where external resistance is approxi- 
mately equal to the internal resistance. The position of the 
operating point P is immaterial provided that the grid voltage 
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s of such a value as to lie entirely within the active region of the 
surface. 

In order to obtain maximum power output, still more rigid 
conditions must be specified. Stated explicitly, these are as fol- 
lows: The operating point P should lie on the locus determined 


by ^ and at as high a plate voltage as is consistent with the safe 


operating temperature of the triode. Тһе upper end of the 
dynamic characteristic should be terminated by the intersection 
of the saturation plane and the low plate voltage region, while 
the lower end should be terminated by the zero plate current 
plane. These conditions allow for the maximum possible varia- 
tion both in plate current and plate voltage and consequently 
give the maximum possible power output. Such a character- 
istic is shown by the curve R: in Figure 6. It is of course neces- 
sary to have sufficient grid voltage to work the characteristic 
over the entire range specified. Since the slope of the dynamic 
characteristic is determined by the value of the load resistance, 
there is, then, a particular value of load resistance for each initial 
position of the operating point P. In other words, there are two 
conditions that must be met in order to obtain maximum power 
output from an amplifier. Furst, the load resistance must be of 
such a value as to produce the required dynamic characteristic cor- 
responding to the initial position of the operating point, and sec- 
ond, the grid voltage must be of such a value as to cover the entire 
range of the above characteristic. 

It will be noticed that the curve R; of Figure 6 at no time 
passes into the region of positive grid voltages; hence, there is no 
tendency forelectronsto flow thru the grid circuit. The only chance 
for power dissipation is then thru the series capacity circuits of 
the triode elements and load circuit or by direct leakage. Тһе re- 
sultant power amplification under these conditions is, therefore, 
extremely large. Unfortunately, however, the efficiency falls to 
low values due to the large amount of plate voltage that remains 
unvaried. 

The dynamic curves as shown in Figure 6 are true only for 
the condition of unity power factor. Whenever the load im- 
pedance is other than a true resistance, the dynamic curve takes 
on the form of a closed loop, such as is shown in Figure 7. These 
loops are due to the time phase displacement between the cur- 
rent and voltage waves and are accompanied neither by distor- 
tion of wave form nor dissipation of energy other than that due 
to the load resistance. As will be noted, the two loops are traced 
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in opposite directions; the direction of motion depending upon 
whether the current is leading or lagging the voltage. The cor- 
responding curve for unity power factor, where the current and 
voltage are in phase, is shown by Zi. 


FiGcRE 7—Dvnamic characteristics. Internal plate resistance /?; = 18,000 
ohms, Total plate impedance 2 =38,000, P.F.=100 percent; 2. = 38,000 
ohms. Р.Е. = 50 percent lagging; 2; =38,000 ohms, Р.Е. =50 percent leading 


REGENERATIVE AMPLIFICATION 


Regenerative amplification depends upon the cumulative 
action of the triode and its associated circuits. For instance, if 
an initial voltage e is impressed upon the grid circuit of a triode, 
a certain percentage ae of this voltage will be re-impressed upon 
the grid after a unit interval of time. The quantity (a) may be 
termed the regeneration constant and is determined by the con- 
stants of the triode and its connected circuits. The resultant 
voltage acting after ¢ units of time, will then be as follows: 


eo=e+tueta (e4d-a e) {а [e4-a e4-a (е+ае)| 


+...... to t terms (6) 
Expanding and collecting terms in (6) 
e, — e (1+а)' (7) 
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апа G,= - 21. equals the slope of the active plane with re- 
po 


spect to the plate voltage. 
The quantities G,, and Gp are of the nature of conductances "Y 
are usually spoken of as the mutual and plate conductances of 


1 
the triode. The reciprocal of the plate conductance G. = R, 18 
р 


termed the plate resistance, while the quantity an is called the 
p 


amplification constant, usually denoted by к. As may be seen by 
referring to Figure 4, the ratio of the two slopes or of the mutual 
to the plate conductance, is а measure of the relative effective- 
ness of a change in the grid or plate voltages in producing a given 
vatiation in the plate current. 
Equation (3) may be transformed as follows: 
і- С,6,- 6,12 


pe 
= g 4 
Rp+Z (4) 


In general Z=R+j X 
Р № Eg maz sin (wt— 0) 
So th 
iT УЕ: 
Х 
here @=tan-! -—-— 5 
where an Бр (5) 
Equation (5) expresses the fact that the alternating plate cur- 
rent is produced by the action of an equivalent voltage of value 
ҺЕ, mez Sin wt working into the total impedance of the plate 
circuit. A slightly different method of describing the same con- 
dition is to consider that the grid voltage is impressed upon & 
circuit having an equivalent impedance of value 


iens) 


the power factor remaining the same in both cases. 


| ð Ep . | 
Since the plate resistance Rp = = is also a function of the 


variables Е, and E, it may likewise be shown in the form of a 
surface. Such a plate resistance surface taken from an actual 
tube is shown in Figure 5. Ав will be noted, the bottom of the 
gap corresponds to the value of resistance in the active region of 
the plate current surface. The sides, which rise precipitously, 
should continue indefinitely upward since the value of plate resis- 
tance rapidly approaches infinity, when the zero-current and sat- 
uration planes are reached. The observed data necessary for 
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FIGURE 5— Plate resistance surface. Active value of plate resistance. 
В, =18,000 ohn s. 


constructing the surfaces shown in Figures 3 and 5 were taken 
from a Radiotron type UV-201 amplifying triode. This particu- 
lar type of triode was selected for the work because of the very 
wide range of voltages that may be used without causing exces- 
sive heating in either the grid or plate structures. The main 
considerations apply equally well, however, to any type of 
tungsten filament triode irrespective of its particular power rating. 


OPERATION (AMPLIFICATION ) 


Nearly all of the properties of the triode may be described in 
terms of the motion of the representative point P upon the char- 
acteristic surface. This motion is not restricted to the static 
characteristic curves, but is perfectly general, thus allowing P 
to range over any point upon the surface. This gives rise to a 
new set of curves which are termed the dynamic characteristics. 
A dynamic characteristic is always obtained when a triode works 
into some form of a load circuit and is produced by the action of 
the impedance drop in that circuit. In Figure 6 is shown a set 
of dynamic curves corresponding to various load resistances in 
the plate circuit of an amplifier. Тһе group of curves E... 4) 
all pass thru the operating point Р, (E, o= — 16.5, Eps = 160) and, 
as will be noticed, decrease in slope with an increase in load re- 
sistance. This is to be expected since the greater the value of К 
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The resultant grid voltage thus obeys the compound interest law. 
If now the voltage is considered to be reflected back m times 


a А 
as fast as before, the percent returned will be = times that im- 


pressed and in the same interval of time there will be m times as 


many reflections. 
Thus (7) becomes 


; m 
However, їп | 1-+ а) = =", where «is the base of natural 


logarithms. 
So that - бо= е (8) 


This is the expression for the resultant voltage when the re- 
flections become instantaneous. 

The impressed voltage e may be due either to a natural oscil- 
lation in the triode circuit or to a forced oscillation from some 
external source. If the former, it will be of the form 
е= E: °* п wt where а is the damping factor of the local cir- 
cult. Тһе resultant grid voltage will then be 


ео = Е s C sin wt (9) 


Amplification is thus produced by a decrease in the equivalent 
decrement of the circuit. The ultimate limit of regenerative 
amplification is thus reached when the equivalent decrement of 
the circuit has been reduced to zero; any attempt to pass beyond 
this point simply results in the production of local oscillation. 
If, on the other hand, a forced oscillation of the form e= E sin wt 
is impressed, the resulting voltage becomes 


eo=E «* sin ші (10) 


As seen in equation (10) the resulting voltage tends to increase 
indefinitely with the time. It is, however, limited by the cut- 
off regions of the characteristic surface. Such an oscillation is 
shown by the dynamic curve of Figure 8, where the initial ampli- 
tude is determined by the intercept (A, B), the starting transient 
having been neglected. 

In the more recently developed super-regenerative system of 
amplification the regeneration constant a takes on the form of a 
harmonic function such for example as а =a; +а sin wot, where ai 
determines the amount of fixed regeneration obtainable with a 
given position of the operating point and а» is the amplitude of 
the variable component corresponding to a frequency of variation 
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(My 
equal to —-. 


the operating point P from the vicinity of one of the cut-off 
planes to a position nearer the center of the active region. For 
example, from P, to P; in Figure 8; as has been shown by Arm- 
string,! this result may be obtained either by varying the grid 
voltage or the plate voltage, or by varying both simultaneously. 
The resulting grid voltage is then expressed by 


M 
e, = Е imr melt in cut. 


This variable component is produced by moving 


Figure 8—Dynamic characteristics. Internal plate resistance №, = 18,000 
ohms. Total plate impedance Z, 238,000 ohms, Р.Е. =100 percent; й, = 
38,000 ohms, Р.Е. =87 percent lagging. Negative decrement = 1.62 


This, moreover, is the same principle that is applied in con- 
stant current modulation, the two applications differing mainly 
in the magnitude of the control frequency corresponding to 
Wo 
2 

Тһе above examples аге but a few of the many possible cases 
where the concept of the characteristic surface may be of assist- 
ance. 

1“Some Recent Developments of Regenerative Circuits," E. Н. Arm- 
strong, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, August, 1922. 
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In conclusion the writer wishes to acknowledge his indebted- 
ness to Mr. A. Kalin, of the Electrical Engineering Department, 
for the photographic reproductions; to Mr. C. J. Albrecht for 
many valuable suggestions on the construction of the models; 
and to Mr. Т. M. Libby for his very kind assistance in checking 
the paper. 

Electrical Engineering Laboratories, 
University of Washington, 
June 6, 1923. 


SUMMARY: The paper outlines a method of representing triode character- 
istics by means of surfaces rather than by families of characteristic curves. 
The physical features of the surfaces are then described in considerable detail 
and the fundamental equation for the alternating component of the plate 
current is derived for an ideal surface. 

Finally the action of the triode both as a simple and as a regenerative 
amplifier is described with reference to its characteristic surface. 


NOTATION 
NAME UNIT 
а Regeneration constant.............. numeric 
a, Fixed value of regeneration constant. numeric 


аа Amplitude of variable regeneration 


SYMBOL 


ЕИН numeric 
и Damping сопзізлі................. numeric 
Е, Пігесі grid voltage................. volt 
E, Instantaneous grid voltage.......... volt 
E, Constant satisfying boundary condi- 
ПӨНЕ сызы Е volt 
е, Variable grid уоКаре............... volt 
Emar Maximum value of alternating grid 
уоЦаре.............. ЕЕЕ volt 
е Instantaneous impressed voltage... .. volt 
Е Maximum value of impressed voltage. volt 
eo Resultant voltage after regeneration. . volt 
Epo Direct plate уоНарс................ volt 
E, Instantaneous plate voltage.......... volt 
ep | Variable plate voltage............... volt 
= 2.7183 (Base of natural logarithms).. .numerie 
G, Mutual сопалйсбалсе............... milli-mho 
G, Plate сопайсіапсе................. milli-mho 
I, Direct plate сштепі............... milli-ampere 
І Instantaneous plate current........ milli-ampcre 
1 Variable plate ешптепі............... milli-ampere 
I, Saturation сштепі................. milli-ampere 


Ј Imaginary unit............... LL. № —1 


т Multplying factor................. numeric 

^ Amplification constant............. numeric 
По numeric 
R, Dynamic plate resistance...........kilo ohm 

Е External load resistance............ kilo ohm 
То Fixed temperature................. degree abs. 

T Instantaneous temperature......... degree abs. 

t Variable temperature.............. degree abs. 
Е еее қ aod a or Boe atat second 

Ü Phase апріе....................... radian 

X Веяасізапсе........................ kilo ohm 

Z Symbolic impedance............... complex quantity 
Z, Resultant impedance............... kilo ohm 

а Angular velocity................... radians per second 
wo Modulating angular velocity........radians per second 
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FORMULAS AND TABLES FOR THE CALCULATION 
AND DESIGN OF SINGLE-LAYER COILS* 


By 
FREDERICK W. GROVER 


(UNION COLLEGE, SCHENECTADY, NEW YORK) 


1. INTRODUCTION 


Probably no form of inductance coil is of greater fundamental 
importance than the single-layer helical coil. Formulas are 
available for the calculation of the inductance of such coils which 
on the score of accuracy leave little to be desired. The related 
problem of the design of single-layer coils, that is, the predeter- 
mination of the dimensions of a coil to give a chosen inductance 
has received less attention. However, in view of the large num- 
ber of radio workers who have occasion to construct coils fot 
themselves, means for making such calculations with a minimum 
expenditure of time and labor should find an extended use. 

Such tables as аге at present available! are constructed for 
two variables (diameter and length) and are thus, even when 
voluminous, applicable to only a limited range of coil dimen- 
sions. 

In the present paper advantage is taken of the fact that for 
the calculation of the inductance it is necessary to tabulate con- 
stants for a single parameter (the shape ratio) only. It is, there- 
fore, possible to cover the design problems for the whole range 
of possible helical single-layer coils in the single moderate size 
table given below. The calculation of this table is based upon 
the accurate inductance formula of Nagaoka.? The design con- 

diameter 


stants in the table are tabulated for the ratio fee or its 
length | ‚ | 

reciprocal, -----, values between zero and unity being in- 
diameter 


cluded for each. Thus all possible shapes of coils are included 


*Received by the Editor, November 13, 1923. 

1 Circular 74, Bureau of Standards, pages 286-292, 1918. "Radio and 
Model Engineering,” November, 1922, The Sleeper Radio Corporation, New 
York. 

2 “Jour. Coll. of Science," Tokyo, 27, article 6, page 18; 1909. 
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that shape ratio being used іп any given vase which is less than 
unity. No confusion results in practice from this method of 
procedure, and it offers the great advantage that the table may 
be constructed with a constant tabular interval of shape ratio 
thruout the whole range. The tabular interval actually chosen 
is sufficiently small to give a table of reasonable size, but except 
for a limited range at the two ends, the differences are small 
enough to render interpolation practically unnecessary. In the 
rare cases where interpolation is difficult, the desired quantity 
may be obtained from the value of one of the other constants 
for which the differences are favorable, making use of the equa- 
tion connecting the quantities in question. Each problem will 
require a single constant to be taken from the table and none 
but the simplest of arithmetical calculations, which can be per- 
formed with a slide rule. Ап accuracy of one-half of one percent 
is readily attainable. For work of less accuracy, curves drawn 
from the tabular values may be useful. 

The important case of single-layer coils wound on polygonal 
forms may be made to rest upon the calculation for an equivalent 
helical single-laver coil, and is thus included in the scope of this 
paper. 


2. PROBLEMS TO BE SOLVED 


The inductance of a single-layer coil depends upon four vari- 
ables, coil diameter, coil length, number of turns, and the shape 
ratio. For purposes of design the winding pitch, or better, the 
number of turns per unit of coil length, 18 more useful than the 
total number of turns. 

Thus five types of problem are of practical importance, 
namely: 

(a) Given the dimensions and numbers of turns (winding 
density), to ealeulate the inductance of the coil. 

(b) Given the length and winding density, to caleulate the 
diameter which the coil must have to give a desired inductance. 

(с) Given the diameter and winding density, to calculate the 
length of coil to give a specified inductance. 

(d) Given the coil diameter and coil length, to calculate the 
winding density necessary to give a desired inductance. 

(e) Given that a certain ratio of diameter and length is de- 
sired, to calculate the dimensions necessary to give a specified 
inductance, when a certain winding density 1s assumed. 

In the following section are given the formulas and procedure 
for the solution of each of these problems. For convenience 


194 


formulas are given for English units as well as metric. Тһе іп- 
ductance values are in microhenrys in every case; coil dimensions 
are in centimeters or inches; winding density in turns per cm. or 
turns per inch in the metric and English systems, respectively. 

For precise values of inductance a correction for insulating 
space should be applied. The coil length is to be taken not 
between the end turns, but as equal to the winding pitch multiplied 
by the whole number of turns. That is, the inductance formula 
applies to a coil length which extends half the winding pitch 
beyond the center of the last turn at each end of the coil. If 
this rule is followed the correction for insulating space is usually 
negligible except in precise work. For completeness its value 
may be calculated from the formula given below. 


3. SUMMARY FOR WORKING FORMULAS 
Symbols Used: 
L = {һе inductance of the coil in microhenrys. 
d,=the diameter of the coil in centimeters. 
›= {һе diameter of the coil in inches. 


b; =the length of the coil in centimeters = 2 
ға 


b, = the length of the coil in inches = = . 
2 
n=the total number of turns on the coil. 
n; =the number of turns per centimeter of axial length of 
the coil. 
п = фе number of turns per inch of axial length. 


d | | 
== the ratio of diameter to length. 


R=) =the ratio of length to the diameter = 1, 


біл diameter of the bare wire, іп centimeters. 
б» = diameter of the bare wire, in inches. 


1 M ; Р А 
Ж = winding pitch, іп centimeters. 
1 


] ЭКС ES 
s winding pitch, in inches. 
70% 

K =a function of r or R, given in Table 1. 


R 
The values of B, C, and F are obtained from Table 1. 


G and H are constants given, respectively, in Tables 2 and 3 
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B-kr'-,, Cm mR, F-krz н 


to be used in formulas (3) апа (4), іп making corrections for 
space occupied by insulation. 
PROBLEM A—Given diameter, length, and winding density, 
to calculate the inductance. 
L=0.001 К dj? bını? (metric) (1) 


The notation “metric”? here and elsewhere, signifies that b, and 
d; are dimensions in centimeters, n, is in turns per centimeter, 
and the inductance is given in microhenrys. 

L = 0.00254 k а,° be n? (English) (2) 


The notation “English” signifies that the dimensions b, and d? 
are in inches, л» is in turns per inch, and the inductance is given 
in microhenrys. Тһе factor k is to be taken from Table 1 for the 
given value of r= dads »orR= ШЕН; , according as to which is 
ы h di а, 

less іп unity. It is to be noted that r and R are both independent 
of the system of measurements adopted, as long as both dimen- 
sions are expressed in the same system. The dimensions b, and 
b; must be taken as equal to the whole number of turns, multi- 
plied by the pitch of the winding, that is, as 2 or =, as already 

1 


explained. 

For greater accuracy, subtract from the value of the induc- 
tance given by (1) or (2), the correction for insulating space AL, 
given in the following formula. 


AL =0.0160 тьФ(С--Н) (3) 
or, expressed in terms of the value of L 
AL _ 6.28 (G+H) _ 6.28 (G+H) (4) 


L k di Tii EN d» п | 

The constants G апа Н аге given, respectively, іп Tables 2 and 3. 
G is a function of the ratio of the bare diameter of the wire to 
the pitch of the winding, that is, of 01 n, = 02 ns, while H depends 
on the whole number of turns alone. 
EXAMPLE 1: 

d; — 4 inches n» = 50 turns per inch 

b, = 8.5 inches д. = 0.015 inch 


The ratio r= 2 = 0.4706. From column A of Table 1, we find 
5 


k =8.17, апа thence 
L=0.00817 (2.54) 16 (8.5) (50)? 2 7,056 microhenrys. 
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То see if the correction for insulating space need to be considered, 
we find n» 2 =0.75, and thence, from Table 2, G=0.27. Тһе 
whole number of turns is n = 50 (8.5) =425, so that from Table З 
we find H =0.335. The fractional correction is, therefore 
А ‚60: ! 
2 = a or only 2.3 part in a thousand. 
Given diameler, length, and the total number of turns, n, to calculate 
the inductance 
L —0.001 F d, n? (metric) (5) 
L —0.00254 F а n? (English) (6) 
The ratio r or R has to be calculated (that one which is less than 
unity being used) and in Table 1 the value of F is taken cor- 
responding to that. ratio. 

EXAMPLE 2--То calculate the inductance of a coil having 79 
turns, wound on a form of diameter 22.3 cm. The axial distance 
between the first and the 79th wire was found to be 9.0 cm. 
Thus the pitch = = 0.115 cm., so that the equivalent length of 

1 
the coil was 79 times 0.115 =9.12 cm. 


9.12 
а =22.3, 0, =9.12, n=79, R = 55 3 = 0.409. 


From Table 1 the value of F corresponding to this value of R is 
11.515, so that for the inductance we have 


_ L-0.011515 (79)? 22.3 = 1602.6. 
Supposing the wire to have a bare diameter of 0.8 mm., п, 0; =0.7, 
and from Tables 2 and 3, we find G=0.20, H =0.33, and thus 
AL = 0.00628 (79) 22.3 (0.53) = 6.9 microhenrys 


so that the inductance, corrected for insulating space, is 1,597 
microhenrys. 

Рковгем B—Giren inductance, length, and winding density, 
to find the diameter. 

Calculate from the given data, the quantity. 


_ 1000 L ; 
T bn? (metric) (7) 
393.7 L | | 
ог В- P ( English) (8) 


and find in Table 1, column B, the value of r or R corresponding 
to this value of B. From this value calculate the diameter from 
the relation di = 07 = 2 ог @ = br = ч 
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In general, for purposes of design, it will not be worth while 
to evaluate the corrections for the insulating space, but in case 
this is done, it will be first necessary to make the approximate 
solution, as just shown. With the value of d, thus found, the cor- 
rection to L is found by (3), and the calculation is repeated, 
using the corrected value of L. This more accurate value of di 
will not differ much from the first approximation. 

EXAMPLE 3— To find the diameter of а coil which, when 
wound with 40 turns per inch for a length of 6 inches, will give 
an inductance of 5,100 microhenrys. 


L=5,100, be=6,  nj—40. 


393.7 (5,100) 
Therefore B= 216 (1600) 
Table 1 we find this value of В corresponds to r=0.912. Thus 
d; — 6 (0.912) =5.47 inches. 

PROBLEM C—Given the diameter, and the winding density 
to calculate the length of coil necessary to give a specified in- 
ductance L. 

Calculate from the given data, the quantity 


=5.810, and in column B of 


1000 L | 
С=: Eur (metric) (9) 
393.7 L | 
or С = dë me (English) (10) 


With this value of C, find in column C of Table 1, the value of r 
ог R corresponding. Then b, = ^ =d, R, and b: = ^ =d R. The 
total number of turns will be n =n b; = ns be. 

EXAMPLE 4— Wire is to be wound 15 turns per centimeter on 
a cylinder 10 centimeters in diameter to obtain an inductance of 
1,000 microhenrys. To calculate the length of coil necessary we 

m 1.000(1,000) 
have C= 1000 (225) 
Table 1 corresponds to R =0.730. Thus 5b, 20.730 (10) =7.30 em. 
The total number of turns is 109.5, so that 110 would give the 
required inductance. 

PnoBLEM D—Given the dimensions of a winding form, to cal- 
culate the winding density necessary in order to obtain a specified 
inductance. 

From the given dimensions calculate the shape ratio r, or R, 
(less than unity) and with this ratio, find in column D of Table 1 
the value of k corresponding. Then the winding density is given 
by 


=4.44, and this value of C in column C of 
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1000 L 


р бна 1 11 
n'- bib (metric) (11) 
393.7 L : 
жазп 12 
me PETS ( English) (12) 


EXAMPLE 5—How many turns must be wound per inch of 
axial length on а coil which is to have a diameter of 5.5 inches, 
a length of 9.6 inches, and which is to have an inductance of 7,100 
microhenrys? 


These dimensions give r= 5920.573, and the value of k, 


corresponding to this value of r, is 7.86. Thus 


393.7 (7100) _ nch 
n = (201%); 5)? 9.6 (7.86) 35.0 per inch. 


Wound thus, the coil will have a total of 336 turns. 

PROBLEM E—A сой is to have a given shape ratio (relation of 
length to diameter). When wound with a given winding density, 
what must the dimensions be in order that the inductance may have a 
specified value? 

The given shape ratio determines r and R. With the given 
value of r or R, obtain the value if C corresponding in column C 
of Table 1, and with this the diameter of the coil may be obtained 
from 


1000 E 
3 — 
4,3 = a (metric) (13) 
433 = т. 2 (English) (14) 


Thence the length is obtained from б, = 4 =d, В, ог b: = Б =d; R. 


Or we may solve for the length directly, instead of the diam- 
eter, by obtaining for the given value of r or R, the number in 
column B of Table 1 corresponding, and then 


1000 1, 


йш 5 22 ті 
b, Bni (metric) (15) 
653 = Г (English) (16) 
With this value of the length, the diameter is found from 
b 
а, =, r= р” or d» = be r= г. 


EXAMPLE 6--А coil is о be wound on a form for which the 
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ratio of diameter to length is 2.6, and the wire is to be wound 5 
turns per centimeter. What must the dimensions of the coil be, 
if an inductance of 1,000 microhenrys is desired? 


1 0,3846, to which the value 


2.6 
(100€)? 
1.756 (25) 
or 4, = 28.35 cm., and therefore b, 20.3846 (28.35) = 10.90 сіп. 
The number corresponding to № = 0.3846 in column B of 


To solve for di, we have R= 


1.756 in column C of Table 1 corresponds. Thence 4,3 = 


| - | . (1000)? 
$ ; 3---- o = 10. а 
Table 1 is 30.85, which gives 6, 30.85 (25^ ог b, = 10.90, an 
10.90 А 
а, = 0.3846 = 28.35. The two solutions check one another. The 


coil will have a total of 54.5 turns. 


4. CALCULATION OF POLYGONAL COILS 
Let 

N=number of sides of the polygon. 

s=length of side of the polygon. 

D=diameter of the circumscribed circle. 

d=diameter of the equivalent circular coil (same induc- 
tance. 

b=axial length of the polygon coil=number of turns 
divided by the winding number. 

Since this section deals only with the determination of the 
diameter of the circular coil which has the same inductance as 
the given polygonal coil, only ratios enter, and thus it is immate- 
rial what units are used for the dimensions, as long as the same 
system is used thruout. Thus the symbols s, D, b, and d, refer 
to either system. When, however, the diameter of the equiva- 
lent circular coil has been found, the farther solution of the prob- 
lem is to be made with the formulas for circular coils, and the for- 
mula appropriate to the system of units desired must be chosen. 

If the polvgon has an even number of sides, the diameter of 
the cireumseribed circle is readily found by calipering over two 
opposite vertices of the polygon, and subtracting from this the 
diameter of cross section of the wire. If the number of sides is 
odd, or in other cases where the given dimension is the length 
of side of the polygon, the diameter of the circumseribed circle 
if given by 


т (17) 


Calculate the ratio p= “ Then from Table 4, the value of 


D corresponding to this value of Р is to be taken. This enables 
the diameter d of that circular coil to be found which, wound 
with the same number of turns n, and having the same length b, 
has the same inductance as the polygonal coil. Knowing the 
dimensions of the equivalent circular conu, ' e inductance may 
be calculated by (1) or (2), or (5) or (6). 

For the problems of design, the calculations of Problem B, 
C, D, or E are to be made, using the given values of n and b, 
and where d enters, the value of the equivalent diameter as just 
deseribed. In Problem B and E, where the diameter d is re- 
quired, the value calculated by the formulas of these sections 
is the diameter of the equivalent coil, and the diameter of the 
circle circumscribed around the desired polygon has to be found. 


. b | 
Calculating a the value corresponding to the value of d already 


found, the value of for this value of у assumed approximately 


equal to is taken from Table 4, and thusa first approximation 
to the desired value of D can be calculated. Using this a new 


value of р is calculated and used іп Table 4 to give а second and 


very accurate value of and thus of D. Formula (7) will then 
give the required length of a side of the polygonal сой. Ап ex- 
ample will make these points clearer. 

EXAMPLE 7—A hexagonal coil has a side of 10 centimeters 
and is wound with wire 10 turns to the centimeter, for an axial 
length of 6 centimeters. To calculate the inductance we have 
b,=6, п, = 10, s=10. From (17) we find for the diameter of the 
circumscribed circle the value of 20 cm. (a value evident from 


elementary geometry also). Thus P= E and Table 4 


© = 0.912. Thus the equivalent circular 


coil has a diameter of d= 20 (0.912) = 18.24 cm. 
The inductance is then to be calculated by formula (1). 


Қ- x21 = 0.329, and from Table 1, for this value of В, the 
value of k is 4.20, so that the inductance is 
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gives for this value, 


L=0.001 (4.20) (18.24)? 6 (10)?=838 microhenrys. For- 
mula (5) gives, using column F in Table 1, n=60, 

1,= 0.001 (12.79) 18.24 (60)? = 840 microhenrys. 
The check is sufficiently close. 

In Problem B, Case 3, the design has given @, = 5.47 inches. 

If we wish to find the equivalent octagonal coil having the same 
length 6. =6 inches, and the same number of turns, the calcula- 
tion is made as follows: 


2 d = 0.912, and if we assume this аз a first approxima- 

2 

tion to the ratio 2 we find from Table 4 for this value, P — 0.949. 
5.47 


Thus to a first approximation D= — 5.76 inches. 


0.949 
— D 5.76 
Using this, we find asasecond approximation to е 0.96, 


and the value of T corresponding to this in Table 4 does not 


differ from the previous value by as much as one part in a thou- 
sand. Thus we may take as final D=5.76 inches, to which, by 
(17) the length of. side is s=5.76 sin 22°.5 = 2.20 inches. 
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TABLE 1 
Constants for the Calculation and Design of Single-layer Coils 
or Solenoids as Functions of the Shape Factor 


diameter length 
= -- r == ——M—— 
length diameter 
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TABLE 1—Continued 


Probs. ! Prob. | Prob. | Prob. 


15 9.84 
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TABLE 1—Continued 


R | k B | С F | R | k | B | С 
‚ Probs.| Prob. | Prob. | Prob. | Probs.| Prob. ! Prob. 
A&D| B C 2 A&D . 

1 0016.79 | 6.79 | 6.79 | 6.79 || 0.75 | 6.15 | 10.93. 4.61 

0.99 | 6.77 | 6.91 6.705| 6.84 || .74 | 6.13 | 11.17) 4.53 

98 | 6.75 | 7.03 | 6.62 | 6.89 | .73 | 6.09 | 11.42) 4.44 

97 6.73 | 7.15 ' 6.53 | 6.94 | .72 | 6.05 | 11.68] 4.36 

96 M 7.281 6.44 | 6.985 | .71 | 6.02 | 11.94, 4.275 
| | | | 

0.95 6.68 | 7.405| 6.35 | 7.035) 0.70 | 5.99 | 12.22 4.19 

СУ | 7.54 | 6.26 | 7.085) .69 | 5.95 | 12.51, 4.11 

93 | 6.64 | 7.07 | 6.17 | 7.14 | 68 | 5.92 | 12.80: 4.03 

92° 6.61 | 7.81 | 6.08 | 7.19 || .67 | 5.88 | 13.11 3.94 

91.6.50 | 7.96 | 6.00 | 7:24 |, 66 | 5.85 | 13.48 3.88 

0.90 | 6.56.18.10 | 5.91 | 7.29 || 0.65 | 5.81 | 13.76 3.78 

89 | 6.54 | 8.255! 5.82 | 7.35 | «64 | 5.78 | 14.10} 3.70 

8816.51 | 8.41 | 5.73 | 7.40 || .63 | 5.74 | 14.46 3.615 

8716.49 857 5.64 | 7.48 | .62 | 5.70 | 14.83) 3.53 

56 645. RTE 5.56 | 7.51 |! .61 | 5.66 | 15.22 3.45 

! | | 

0.85 644 8.91; 5.47 | 7.57 | 0.60 | 5.62 | 15.62 3.37 

R4 | 6.41 | 9.08 | 5.38 3 59 | 5.58 | 16.04 3.29 

83 | 6.38 9.26 | 5.30 | 7.69 | .58 | 5.54 | 16.47 3.21 

82 | 6.35 ' 9.45 | 5.21 | 7.75 i| .57 | 5.50 | 16.93 3.135 

.81 | 6.33 , 9.604 1 5.12 | 7.81 | .56 1.5.46 17.40 3.06 

| i 

0.80 | 6.30 | 9.84 | 5.04 | 7.87 || 0.55 | 5.415. 17.90) 2.98 

179 | 6.27 10.045| 4.95 | 7.935) .54 | 5.37 | 18.42) 2.90 

78 ! 6.24 10.26 | 4.87 | 8.00 | .53 | 5.33 | 18.96, 2.82 

1716.21 [10.47 | 4.78 | 8.06 | .52 | 5.28 | 19.53, 2.75 

36 | 6.18 10.70 | 4.70 | 8.13 |. .51 | 5.23 | 20.12 2.07 

| 

0.75 nae Мк 4.61 | 8.20 || 0.50 | 5.19 | 30.74 2.59 
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TABLE 1—Continued 


А | | в | | | ee 


Probs.| Prob. | Prob. | Prob. Probs.| Prob. | Prob. | Prob 
A&D A А« А 

0.50 | 5.19 | 20.7 | 2.59310.37 | 0.25 | 3.61 | 57.70.902 | 14.43 
49 | 5.14 | 21.4 | 2.51810.48 || .24 | 3.52 | 61.1] 845 | 14.67 
48 | 5.09 | 22.1 | 2.443/10.60 || 23 | 3.43 | 64.9| 790 | 14.93 
47 | 5.04 | 22.8 | 2.368110.72 || .22 | 3.34 | 691 .736 | 15 20 
46 | 4.99 |23.6 | 2.294110 84 | .21| 3.25 | 737 683 | 15 48 
0.45 | 4.935! 24.4 | 2.22110.97 || 0.20 | 3.16 | 78.900.631 | 15.78 
44 | 4.88 | 25.2 | 2 14811 095| .19 | 3.06 | 848 581 | 16.10 
43 | 4.83 | 6112 07611 23 || .18 | 2.96 | 91.3| 532 | 16 43 
42 | 4.77 | 27.05| 2.00411.36 | .17 | 2.85 | 98.7| 485 | 16 18 
41 | 4.715| 28.05, 1 9931150 || .16 | 2.74 | 107.2| .439 | 17.15 
0.40 | 4.66 | 29.1 | 1.86311.64 | 0.15 | 2.63 | 119.710.395 | 17.55 
39 | 4.60 | 30.2 | 1.79311.79 | .14 | 2.52 | 128.4| 352 | 17 98 
38 | 4.54 | 31.4 | 17241194 .13 | 2.40 | 141.8] .312 | 1844 
37 | 4.475| 32.7 |1 65612 095| .12 | 2.27 | 157.8! 273 | 18.93 
36 | 4.41 | 34.0 | 1.58812 26 || .11 | 2.14 | 177.0) .236 | 1947 
0.35 | 4.35 | 35.5 | 1.522 12.42 || 0.10 | 2.007| 200.70.201 | 20.07 
'34 | 4.28 | 37.0 | 145612 59 || .09 | 1.865! 230 | .168 | 20.72 
:33 | 4.21 | 38.7 | 1 39012.77 || .08 | 1.717| 268 | .137 | 21.46 
32 | 4.14 | 40.5 | 1.32612.95 || .07 | 1.560, 318 | .109 | 22 29 
31 | 4.07 | 42.4 | 1.263113.14 | .06 | 1.396| 388 | .0837| 23 26 
0.30 | 4.00 | 44.4 | 1.20013.33 | 0.05 | 1.220! 488 |0.0610| 24.40 
20 | 3.025| 46.7 | 1 1381353 || .04 | 1.032, 645 | .0413 25.80 
28 13.85 | 49.1 | 1.078/13.74 || .03 | 0.828! 920 | .0248 27 60 
397 | 3.77 | 51.7 | 1.01813.96 | 02| .6031508 | .0121| 30.15 
26 | 3.69 | 54.6 | 0.959/14.19 || 01) 3453450 | 0034) 34.50 
0.25 | 3.61 | 57.7 | 0.902/14.43 | 0.00 О | Infinite О | Infinite 


TABLE 2 


Values of the Correction Term (7, іп Formulas (13) and (14). As 
a Function of the ratio n; бі ( =n: б) of the bare diameter of the 
wire to the winding pitch. 


TABLE 3 


Values of the Correction Term H in Formulas (13) and (14), 
as а Function of the Total Number of Turns, n of the Coil. 
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TABLE 4 


Values of the Equivalent Diameter Ratio for Calculations with 
Polygonal Coils. 
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SUMMARY: А set of tables for the simple calculation of the inductance of 
single layer helical and polygonal coils and their design is given; together with 
full illustrations of their use. 


Union College, 
Schenectady, N. Y. 
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DIGESTS ОҒ UNITED STATES PATENTS RELATING ТО 
RADIO TELEGRAPHY AND TELEPHONY 


IssuED DECEMBER 25, 1923—FEBRUARY 26, 1924 


By 
Joun В. BRADY 


(PATENT LAWYER, Ouray Вспллхе, WasuixcTON, D. С.) 


1,478,638—H. G. Cordes, filed May 10, 1917, issued December 
25, 1923. 
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NUMBER 1,478,638—Electric Oscillstor 


ELECTRIC OSCILLATOR of linear-sinusoidal characteristic in 
which oscillations are started by superposing a transient current 
upon а direct current and the oscillations sustained by means of 
a sustained alternating current. "Тһе oscillator comprises a direct 
current capacitance charging circuit, a direct current discharger 
circuit, a sinusoidal discharge circuit, and a uni-directional cur- 
rent relay discharger therefor. Ап auxiliary oscillating current 
relay discharger actuating circuit is coupled to the said discharge 
circuit for actuating the relay discharger of the oscillator. 


1,478,806—A. F. Victor, filed March 1, 1922, issued December 
25, 1923. 

METHOD OF DELIVERING ILLUSTRATED LECTURES OR SONGS, 
comprising an arrangement at a radio broadcasting station of 
a manually operated picture projecting apparatus and a similar 
apparatus at a radio receiving station. The lecturer at the radio 
transmitting station produces a signal when he desires the next 


*Received by the Editor, March 18, 1924. 
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picture displayed, enabling the operator at the radio receiving 
station to make a similar change, so that the audience may fol- 
low the words of the lecturer by observing the displayed picture. 


1,479,146—R. E. Marbury, filed March 5, 1921, issued January 
1, 1924. Assigned to Westinghouse Electric and Manufac- 
turing Company. 


NuMBER 1,479,146—Radio Receiving System 


Блріо RECEIVING SysTEM wherein signals are amplified after 
rectification by means of a dynamo-electric machine, the incom- 
ing signals operating to produce a change in the magnetic flux 
of the machine for affecting the current output. 


1,479,256—H. K. Sandell, filed August 28, 1919, issued January 
1, 1924. 

SPACE CURRENT Device or electron tube wherein a block of 
insulating material is employed to support the electrodes with 
non-conductive spacing means supported by the electrodes inde- 
pendent of the block. 


1,479,315—G. W. Pickard, filed January 12, 1921, issued Jan- 
uary 1, 1924. Assigned to Wireless Specialty Apparatus 
Company. 

ELECTRICAL CONDENSER AND PROCESS FOR MAKING THE 
SAME, іп which the plates are formed by dielectric having thin 
film metal deposits on opposite sides thereof. The plates are 
stacked so that the metallic films contact with each other sep- 
arated by the base dielectric material. 
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1,479,475. О. Minton, filed January 19, 1923, issued January 1, 
1924. 


Rapio REcEIvING APPARATUS, in which the tubing system 
comprises two inductance coils connected in series and mounted 
for relative movement to vary the inductance linkage between 
them with a connection from a point of the circuit between the 
coils to the ground. The radio receiving apparatus which may 
be a radio frequency amplifier, detector, and audio frequency 
amplifier is directly connected across the terminals of the two 
inductance coils which are shunted by a variable tuning con- 
denser. 


1,479,638—У. К. Zworykin, filed August 28, 1922, issued Jan- 
uary 1, 1924. 

MULTIPLE REGENERATIVE Loop ANTENNA AND CIRCUIT, in 
which one of the loops in the system is connected with the grid 
circuit of a detector tube and two or more loops are directly con- 
nected in the plate circuit of the tube forming a compact regen- 
erative system. 


1,479,778—H. J. Van Der Bijl, filed September 30, 1918, issued 
January 1, 1924. Assigned to Western Electric Company. 
Vacuum Тове Device showing a construction wherein the 
plate electrode is formed in two parallel planes, the material of 
one plane being supported by metallic members which extend 
out from the other plane which in turn is substantially supported 
within the tube. 


1,479,991—R. W. King, filed August 13, 1919, issued January 
8, 1924. Assigned to Western Electric Company. 
ELECTRON DIscHARGE Device, in which the anodes are sup- 
ported in the tube by forked metallic members mounted on the 
press. The tube structure also includes a block of insulating 
material supported by the anode, which insulating material in 
turn includes supporting connections for the grid and cathode. 


1,480,208—W. G. Housekeeper, filed April 15, 1921, issued Jan- 
uary 8, 1924. Assigned to Western Electric Company. 
VACUUM TvBE, in which the filament electrode is supported 
by a spring suspension device anchored in an insulating member 
supported from the glass press of the tube. 
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1,480,216—J. Mills, filed October 11, 1916, issued January 8, 
1924. Assigned to Western Electric Company. 


NUMBER 1,450,216- -Transmission System 


TRANSMISSION SYsTEM, in which a plurality of terminal sta- 
tions comprising a radio telephone transmitting and receiving sys- 
tem and a line wire telephone system are employed. The object 
of the invention is to provide a circuit arrangement and system 
to prevent a eireulation of power between the local transmitting 
and reeeiving system, or to insure that the signals received by a 
adio receiving system will be transmitted along the line wire 
іп such manner as to not thereby effect the transmission of the 
same signal from the local radio transmitting station. 


1.480.217. J. Mills, filed December 29. 1916, issued January 8, 
19024. Assigned to Western Eleetrie Company. 

METHOD AND MEANS FOR SIGNALING, wherein the intelligible 
interception of signals transmitted is prevented. This is aceom- 
plished by superposing on the outgoing talk or signal currents a 
complex noise formed by currents of several frequencies lying in 
the most important. part of the voice frequenev range. То 
elarifv the signal at the proper receiving station, the invention 
provides for the superposition upon the incoming talk and its 


ape 


combined noise of a complex noise similar to the noise originally 
superimposed but exactly opposite in the phase of all its compon- 
ents. The noise is thus suppressed from the signal which may 
be received free from confusion. 
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NUMBER 1,480,217—Method and Means for Signaling 


1,480,219--А. McL. Nicolson, filed June 25, 1917, issued Jan- 
uary 8, 1924. Assigned to Western Electric Company. 


Улсосм Тове, in which the grid electrode is supported by 
a spring tension member which compensates for the expansion 
of the grid under changes in temperature in the tube whereby a 
uniform distance is maintained between the grid and the other 
electrodes at all times. 


1,480,227--С. H. Stevenson, filed May 16, 1921, issued January 
8, 1924. Assigned to Western Electric Company. 


IMPEDANCE ELEMENT for use in high frequency alternating 
current circuits. The construction of the element is such that 
the value of its impedance may be accurately adjusted. Ап 
electrostatic shield is provided for the winding in the element. 


1,480,388—A. L. Golden, filed September 16, 1919, issued Jan- 
uary 8, 1924. Assigned to National Radio Company, of 
San Francisco, California. 


OscILLATOR for are circuits in which the arc is formed be- 
tween a pair of tungsten metal electrodes submerged in distilled 
water. 
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1,480,534—Alfred Crossley, filed August 16, 1922, issued Jan- 
uary 8, 1924. Assigned to Hartman Electric Mfg. Company. 


NUMBER 1,480,534—Variocoupler 


VARIOCOUPLER having extremely small electroststic coupling 
between the windings. The variocoupler has a cylindrical stator 
and a flat rotor on which the secondary winding is arranged Іп 
such manner that the conductors are at all times approximately 
in a plane passing thru a diametrical line through the cylindrical 
stator. Sufficient electromagnetic coupling may be introduced 
to neutralize the effects of capacity coupling to secure substan- 
tially zero coupling. | 


1,480,604—W. Dubilier, filed January 27, 1921, issued January 
15, 1924. Assigned to Dubilier Condenser and Radio Cor- 
poration. 
TERMINAL CONNECTION FOR CONDENSERS, in which the соп- 
ducting plates have terminals extending from the sides of the 


stack which are gripped together by а smooth round metallic 
hook. 


1,480,659—Q. A. Brackett, filed December 7, 1920, issued Jan- 
uary 15, 1924. Assigned to Westinghouse Electric and Man- 
ufacturing Company. 

SIGNALING SYSTEM employing an arc which is controlled to 
produce signals with radiation of only а single wave. Тһе arc 
is maintained in uninterrupted operation while the energy is sup- 
plied either to an oscillatory circuit or to a non-oscillatory circuit 
in the process of producing signals. 


1,480,891—H. I. Becker, filed July 20, 1921, issued January 15, 
1924. Assigned to General Electric Company. 
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NuMBER 1,480,891—High Frequency 
Receiving System 


Нісн FREQUENCY RECEIVING SYSTEM, in which a link cir- 
cuit is provided between a radio frequency amplifier and the de- 
tecting circuit for preventing disturbing currents from being 
transferred from the amplification circuit to the detection circuit. 


1,481,422— Gilles Holst, E. Oosterhuis, and J. Bruijnes, filed 
June 1, 1922, issued January 22, 1924. Assigned to 
Naamlooze Vennootschap Philips’ Gloeilampen-Fabrieken, 
of Eindoven, Netherlands. 


ELECTRIC DISCHARGE TUBE, in which the gas filling in the 
tube comprises neon to which 0.5 to 5 percent argon is added. 
Тһе inventors state that the ionization potential of argon is lower 
than the potential at which the first inelastic collision in the first 
mentioned gas occurs. 


1,481,945—J. Weinberger, filed March 3, 1921, issued January 
29, 1924. Assigned to Radio Corporation of America. 

Влого RECEIVING SYSTEM, with a circuit arrangement be- 
tween the antenna and the input of the receiver for eliminating 
interference. The system includes primary and secondary cir- 
cuits with a pair of connections across the primary and secondary 
circuits, each connection comprising two parts including capacity 
and inductance in series, with one of the parts common to both 
connections and the other two parts arranged to couple the prim- 
ary and secondary circuits. All of the factors in the circuits are 
adjustable to secure selectivity. 
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NuMBER 1,481,945—Radio Receiving System 


1,482,122—W. N. Fanning, filed March 30, 1922, issued January 
29, 1924. 


Rapio бүвтем for operating a signal or alarm upon the receipt 
of a certain definite call by radio. The device is particularly 
described in connection with a receiver on shipboard to sound 
an alarm for operation upon receipt of ап “8505” distress call. 


1,483,388—H. К. Sandell, filed November 2, 1922, issued Feb- 
ruary 12, 1924. Assigned to Mills Novelty Company of 
Chicago. 

Rapiro REcEIVING SYSTEM comprising a loop antenna having 
two parts, one of which is connected in the grid circuit of a de- 
tector tube and the other in the plate circuit forming a regener- 
ative system. "The loops are spaced apart in parallel planes on 
the antenna frame and а condenser provided in one corner of the 
antenna frame which forms a variable tuning connecting means 
between the loops. 


1,483,860—0O. Von Bronk, filed September 3, 1921, issued Feb- 
ruary 12, 1924. Assigned to Gesellschaft für Drahtlose Tele- 
graphie M.B.H., Hallesches, Berlin, Germany. 

ANTENNA ARRANGEMENT FOR RapIo TELEGRAPHY, in which 
the antenna is supported by a conducting mast and an electro- 
motive force applied to the antenna mast substantially equal and 
opposite to the electromotive force normally induced in the mast 
by radiation from the antenna. 


1,484,189—J. A. Proctor, filed July 6, 1920, issued February 19, 
1924. Assigned to Wireless Specialty Apparatus Company. 
Rapiro RECEIVING APPARATUS, utilizing a combined closed 
loop antenna and an open antenna. The open antenna comprises 
a conductor which is structurally separate from the turns of the 
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loop antenna, but which is wound with the turns of the loop. The 
loop and antenna circuits are coupled with the receiving circuit. 


1,484,269—Е. Mayer, filed June 21, 1923, issued February 19, 
1924. 


METHOD AND ARRANGEMENT FOR PRODUCING NON-DAMPED 
OSCILLATIONS, іп which a mechanical interrupter connected to a 
charging circuit is provided in circuit with a separate circuit 
arranged to receive energy from the charging circuit and produce 
oscillations. The charging of the circuit proceeds until the elec- 
trical energy stored in said circuit is such that when oscillations 
begin the momentary value or strength of the oscillation current 
is substantially equal and opposite with respect to the value of 
the charging current and the circuit then oscillates under such 
conditions that the charging current will be substantially equal 
to the amplitude of the oscillation current still existing after one 
complete oscillation. The circuit can then be broken without 
sparking and after a brief period of interruption and re-charging, 
more oscillations take place as before during a relatively longer 
period, and this operation can be repeated as long as oscillations 
are needed. 


1,484,405--А. Oswald, filed January 12, 1920, issued February 
19, 1924. Assigned to Western Electric Company. 

SIGNALING SysTEM having means for controlling a distant 
responsive device such as a call signal which will not respond to 
to false signals or electrical disturbances. А slow acting indieator 
is provided at the receiver which will only be actuated by the 
call signal. А source of opposing voltage is arranged at the 
receiver to cause the indicator to cease to respond upon cessation 
of the signaling waves. 


1,484,411—Н. S. Read, filed September 14, 1920, issued Febru- 

ary 19, 1924. Assigned to Western Electric Company. 

Rapio RECEIVING Зүктем having a circuit arrangement for 
preventing radiation of the locally generated wave energy from 
the receiving antenna. The circuit arrangement includes a radio 
frequency amplifier, a local oscillator, and a detector and а cir- 
cult interconnecting the output of the amplifier апа oscillator 
and the input of the detector which precludes radiation of energy 
from the local oscillator into the antenna. 
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NuMBER 1,484,411—Radio Receiving System 


1,484,605—J. H. Hammond, Jr., filed August 20, 1917, issued 
February 19, 1924. 
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NuMBER 1,484,605—Radio-Dynamic Receiving System 


Rapio-DyNaAMIC RECEIVING SYSTEM employing beat recep- 
tion in which tuning is facilitated by an arrangement whereby 
two series of periodic impulses having different frequencies are 
impressed upon the oscillatory circuit. Periodic electrical beats 
are produced in the oscillatory circuit. The frequency of the 
beats may be maintained constant by varying the frequency of 
one of the series of impulses. 


1,485,080—E. T. Jones, filed December 27, 1921, issued Febru- 
ary 26, 1924. 

SwircH particularly designed for transferring connections 
from the antenna ground system to the radio transmitter or the 
radio receiver. The switch has a shaft mounted on the extremity 
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of ап elongated support with switch blades carried by the shaft 
adapted to enter contacts on either side of the support when the 
switch shaft is rotated. 
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NUMBER 1,485,080—Switch 


1,485,111—J. Bethenod, filed August 2, 1921, issued February 
26, 1924. 

Rapio TRANSMISSION SYSTEM, in which a plurality of radio 
frequency generators are provided at the same station for simul- 
taneous operation to obtain multiplex transmission. The antenna 
is divided into two separate sections adapted to radiate different 
wave lengths. The generators are connected to these sections 
of the antenna and a connection of substantially infinite impe- 
dance provided in each of the sections to the wave lengths of the 
other section for limiting induction effects therebetween. 


1,485,156—H. D. Arnold, filed August 28, 1917, issued February 
26, 1924. Assigned to Western Electric Company. 


SysTEM OF DISTRIBUTION, in which an oscillation generator 
delivers current at а constant frequency, regardless of the nature 
of the load by reason of the fact that the load is prevented from 
reacting on the generator. An asymmetrically conducting re- 
peater is placed between the output circuit of the oscillator and 
the load circuit permitting the transferring of alternating cur- 
rent to the load circuit, but preventing reaction from the load cir- 
cuit upon the generator. 
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1,485,212—J. В. Brady, filed December 28, 1921, issued Febru- 
ary 26, 1924. Assigned to Morkrum Company of Chicago, 


Illinois. 
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NuMnBER 1,485,212— Radio Telegraph System 
220 


Ravio TELEGRAPH SysTEM wherein signals are automatically 
transmitted and received directly in print. Тһе system con- 
templates the broadcasting of news by radio from a central 
transmitting station to newspaper offices where the news may be 
received on a machine which automatically prints the signals. 
The system is also applicable in commercial radio for eliminating 
the human equation in handling heavy traffic. The invention 
introduces automatics in a practical way into radio. 


1,494,087—F. M. Ryan, filed August 14, 1922, issued February 
19, 1924. Assigned to Western Electric Company. 

Rapio Вколрсавтіхс EQuipMENT for controlling the radio 
transmitter. The patent deseribes circuit arrangements between 
a studio and a radio transmission room whereby a person in 
either room may broadeast. Signal indicators are provided in 
each room to indicate automatically that the circuits are ip 
operating condition for broadcasting from that particular room. 


List or Rapto TRADE Marks PUBLISHED BY PATENT ОЕНЕС 
Prior TO REGISTRATION 


(The numbers given are serial numbers of pending applications) 


149,747—“VacTUPHONE” for telephone for aiding hearing. 
Globe Phone Company, Reading, Massachusetts. Claims 
use since April 12, 1921. Published December 25, 1923. 


155,450—“ СУ” for vacuum tubes. Radio Corporation of Amer- 
ica, New York City. Claims use since October 19, 1920. 
Published January 1, 1924. 


157,776--“ПС” for electrical condensers. Radio Corporation 
of America, New York City. Claims use since about 
August, 1921. Published January 1, 1924. 


166,471—''Q-R" for complete radio sets and parts thereof. Rob- 
inson Specialty Company, Keyport, New Jersey. Claims 
use since on or about January, 1922. Published January 1, 
1924. 


170,674—'"TEsT-RrrE" for condensers. Scholes Radio Manufac- 
turing Corporation, New York City. Claims use since 
August 14, 1922. Published January 1, 1924. 


187,534—''MicRosTAT" for rheostats. Premier Electric. Com- 
pany, Chicago, Illinois. Claims use since June, 1023. Pub- 
lished January 1, 1924. 
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187,856—“‘TELos” for radio receiving sets. Danziger-Jones, 
Incorporated, New York City. Claims use since February 
3, 1923. Published January 1, 1924. 


164,007—''RaAco" in ornamental design for antennas. Ross 
Antenna Company, Providence, Rhode Island. Claims use 
since April 1, 1922. Published January 8, 1924. 


170,764—''GEM" for radio apparatus. Gem Radio Company, 
Brooklyn, New York. Claims use since September 27, 1922. 
Published January 8, 1924. 


187,634—''B-METAL" for radio receiving apparatus. B-Metal 
Refining Company, Detroit, Michigan. Claims use since 
January 15, 1923. Published January 15, 1924. 


181,105--<Ілвтемімс IN— THE WoRLD OVER” in ornamental 
design for radio headsets. N. Baldwin, Incorporated, Salt 
Lake City, Utah. Claims use since February 28, 1923. Pub- 
lished January 22, 1924. 


173,684—'"THE STENTOR—THE VOICE FROM THE SKIES" in orna- 
mental design for loud speakers. Stentorphone Company, 
Los Angeles, California. Claims use since August 1, 1921. 
Published February 12, 1924. 


175,822—''T T" for loud speakers. John S. Timmons, Phila- 
delphia, Pennsylvania. Claims use since about July 31, 
1922. Published February 12, 1924. 


186,609—''PERFECTONE" in ornamental design for radio receiving 
apparatus. Perfectone Radio Corporation, New York City. 
Claims use since October 1, 1923. Published February 12, 
1924. 


188,636—''MoNOoDYNE'"' for radio receiving apparatus. National 
Airphone Corporation, New York City. Claims use since 
about May 15, 1923. Published February 19, 1924. 


188,637—''Gonp GRAIN” for detectors and receiving sets. 
National Airphone Corporation, New York City. Claims 
use since October 12, 1922. Published February 19, 1924. 


189,237—‘‘Nu-TRON” in ornamental design for amplifiers and 
tubes. Fred W. Brown, Bethseda, Ohio. Claims use since 
November 22, 1923. Published February 19, 1924. 


189,884--“Пісто GnaNp" for loud speakers. —Dictograph 
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Products Corporation, New York City. Claims use since 
March 6, 1923. Published February 19, 1924. 


180,464—‘‘AcmeE”’ for radio apparatus. Acme Apparatus Com- 
pany, Cambridge, Massachusetts. Claims use since about 
March 1, 1919. Published February 26, 1924. 


180,480--“Тне LirTLE Силмт” for radio apparatus. Metropoli- 
tan Radio Corporation, Newark, New Jersey. Claims use 
since on or about August 1, 1922. Published February 26, 
1924. 
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RECEIVING MEASUREMENTS AND ATMOSPHERIC 
DISTURBANCES AT THE BUREAU OF STANDARDS, 
WASHINGTON, NOVEMBER AND DECEMBER, 1923* 


By 
L. W. AUSTIN 


(СнтеЕ Клоо Рнувіслі, LABORATORY, BUREAU OF STANDARDS) 


(Communication from the International Union of Scientific Radio 
Telegraphy) 


During December, Nauen showed the lowest average morning 
strength which has been observed since the present methods of 
measurement have been used in the laboratory. while the after- 
noon signals have been of nearly normal strength. 

All European stations measured in Washington show weak- 
ness in the forenoon at times during November and December. 
This may be connected with the European sunset. which, in the 
latitude of Nauen, occurs pretty early in the forenoon, Wash- 
ington time, during the short days of winter. The corres- 
ponding effect in summer occurs in the afternoon, Washington 
time, and helps to produce the afternoon fading. This effect 
is much less pronounced in the case of Lafavette than in 
that of Nauen. This difference does not seem to be entirely due 
to difference in wave frequency, as St. Assise (UFT) shows less 
weakening than Nauen tho of nearly the same frequency. 

The tables show that Lafayette continues to be approxi- 
mately twice as strong as last year. Measurements made in 
Europe also indicate an increase in strength in this station, altho 
there have been apparently no changes except in frequency 
(12.8 ke. to 15.9 ke.) to explain the difference. 

The atmospheric disturbances were somewhat stronger on 
an average than in the corresponding months of the vear before. 


* Received by the Editor, February 7, 1924. 
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FIELD INTENSITY ОҒ NAUEN AND OF DISTURBANCES 


(f = 23.4 kc., / = 12,800 m.) In NOVEMBER, 1923, ім MICROVOLTS 
PER METER 


9 A. M. | 3 P. M. 
D | 
= Signal Dis- Signal Dis- 
turbance turbance 
1 30.0 25 25.7 40 
2 15.0 30 19.0 55 
3 36.0 25 | 13.0 85 
5 17.0 25 27.0 30 
6 ыы 35 28.0 30 
7 7 30 20.5 25 
8 47.0 60 51.5 145 
9 39.0 40 20.5 100 
10 34.0 25 17.0 60 
12 15.0 450 21.2 240 
13 17.0 35 15.0 140 
14 21.2 30 * 120 
15 34.0 80 25.7 105 
16 17 90 15.0 130 
17 30.0 30 21.2 150 
19 17.0 50 15.0 130 
20 ыы 50 42.7 150 
21 13.0 65 25.7 140 
22 25.7 20 30.0 100 
23 +t 30 13.0 65 
24 e 10 12.2 15 
26 те 15 20.0 | 40 
27 17.0 | 10 13.4 50 
28 13.0 40 хы 35 
30 14.0 | 10 6.0 | 30 
Average 21.1 | 52.4 | 20.8 | 88.4 
*Not heard. 
**Not sending. 
....Not taken. 
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 


(f=15.9 kc., 42 18,900 m.) In NOVEMBER, 1923, IN MICROVOLTS 
PER METER 


3 P: М. 


| | | 
Dis- | Dis- 
Signal | 

turbance Е 


turbance 


30 150 
40 102 
да 144 
40 168 
30 120 
100 126 
30 120 
300 174 
30 162 
40 126 
80 165 
108 

30 | 156 
60 | 180 
40 168 
SO 120 
25 138 
35 102 
15 | 150 
20 114 
27 | 15 160 
28 | 45 90 
30 30 78 


——— 


| - = €) ~ 
Average | 55.2 135.8 


*Not heard. 
**Not sending. 
....Not taken. 


FIELD INTENSITY OF NAUEN AND OF DISTURBANCES 


(f = 23.4 ke., і- 12,800 m.) ім DECEMBER, 1923, IN MICROVOLTS 
PER METER 


9 A. М. 3 P. M. 
шы Signal Dis- Signal 9а 
E turbance E turbance 
1 4.5 20 19.0 45 
5 2.0 40 13.6 60 
6 4.0 40 4.0 35 
7 2.0 25 5.0 45 
10 2.0 15 19.0 25 
10 12.8 40 7.0 25 
11 6.0 40 14.5 55 
13 50 15 13.6 40 
13 4.0 30 ыы 40 
14 9.5 30 22.0 25 
15 13.0 15 7.0 95 
17 17.0 15 21.5 30 
18 8.5 20 5552 
20 E ** 20 
21 5.0 25 18.0 50 
22 2.0 25 17.0 40 
24 7.0 15 oe 
26 =" 10 34.0 30 
27 2.0 20 25.7 40 
28 21.2 10 43.0 20 
29 17.0 15 55.7 40 
31 6.0 25 21.5 35 
— ———— | шы ы аш с — сле -. 
Average | 7.7 23.4 | 20.2 39.7 


(Signal given as 2 when heard but not measurable.) 
*Not heard. 
**Not sending. 
.... Not taken. 
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FIELD INTENSITY OF LAFAYETTE AND OF DISTURBANCES 


(f=15.9 ke., 4- 18,900 m.) ім DECEMBER, 1923, ім MICROVOLTS 
PER METER 


3 P. M. 


Dis- Қ” | Dis- 
turbance | ‚ turbance 


| 50 
05 
35 
50 
30 
25 
60 
45 
45 
30 
85 
10 
25 


31 


Average | 


*Not heard. 
**Not sending. 
.... Not taken. 
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RATIO ОЕ AVERAGES 


| Signal | Disturbance | Reception Factor 


P.M. | РМ. AM PM. 
А. М. А. М. Signal Signal 
| Dist. i 


Station 


NOVEMBER 


Nauen....... 
Lafayette 


SUMMARY: The signal strengths of the Nauen and Lafayette Stations, 
and the corresponding strength of the atmospheric disturbances in Washington 
are given for November and December, 1923. 


ON PROPAGATION PHENOMENA AND DISTURBANCES 
OF RECEPTION IN RADIO TELEGRAPH Y* 


By 
F. KIEBITz 


(COMMUNICATION FROM THE NATIONAL TELEGRAPH ENGINEERING BUREAU, 
BERLIN, GERMANY) 


The propagation of electromagnetic waves takes place in 
accordance with the principles of Huyghens and Fresnel. That 
is, every point which the wave reaches is to be regarded as the 
point of origin of elementary wavelets, which combine according 
to the usual laws governing interference, with due consideration 
to phase and amplitude. 

If the propagation phenomena in radio telegraphy are to be 
described, as they take place on the separating surface between 
the earth and the atmosphere, it is first necesssary to know how 
these two media behave electrically. Experiments indicate that 
the atmosphere behaves practically as an insulator in which, 
therefore, electric and magnetic forces can exist. The earth, 
on the other hand, acts as a conductor. This is known because 
radio frequency alternating currents can be conducted thru the 
earth, and also because the electric forces and their various com- 
ponents are perpendicular to dry soil. This last effect can be 
directly observed; and in addition there is an indirect but par- 
ticularly striking evidence for the vertical position of the electric 
forces relative to the earth’s surface which depends on the fol- 
lowing fact: A pair of horizontal antennas stretched in the same 
line near the surface of the earth and carrying electrical oscilla- 
tion do not show any lateral radiation effect, whereas the same 
pair of antennas in free space, and therefore not oscillating in the 
neighborhood of the ground, act as a Hertzian transmitter or 
doublet in an exactly opposite fashion to the preceding pair and 
neither radiate nor receive waves in their own line of direction. 
This striking effect сап be explained by assuming that the elec- 
trie force is sensibly vertical to the earth's surface, whereas 


*Recelved by the Editor, November 3, 1923. Translated from the Ger- 
man by the Editor. 
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horizontal components of the electric field at the earth’s surface 
do not have any effect. 

If we consider the propagation of waves only over distances 
for which the earth’s curvature may be disregarded, we shall 
make no great error if we regard the earth’s surface as a limiting 
plane between an insulator and a conductor. Radio frequency 
alternating currents flow outward radially from the bottom of 
the antenna of the transmitter (or, to describe the phenomena 
in another way, radio frequency alternately positive and negative 
charges flow outward in concentric circles over the earth’s sur- 
face from the antenna). The radio frequency alternating mag- 
netic and electric fields in the air are inseparably connected with 
these currents or moving charges. 

It is a matter of indifference whether we speak of charges 
which flow over the earth’s surface or of electric fields which 
move thru the air, or of magnetic fields which grow and decay 
in the atmosphere, or of currents which flow in the earth’s sur- 
face. We can employ interchangeably any of these pictures for 
a description of the same natural phenomena. 

In the same way we may describe the excitation of a receiving 
antenna іп various equally valid fashions. For example, we may 
concentrate attention on the charges which have come to the 
lowest point of the antenna, or on the currents which flow out 
of the earth’s surface at this point, or on the electric forces which, 
traveling vertically, strike the antenna, or, finally, on the 
horizontal magnetic field which cuts the antenna as it moves 
forward. 

Huyghens’ principle determines the circular form of the wave 
front. The decay of field intensity with distance must be in 
agreement with that for an Hertzian oscillator, and therefore, 
must be proportional to the first power of the distance. As long 
as we are not forced to consider powerful absorption phenomena 
in the immediate neighborhood of the transmitter, no other de- 
scription is possible. A direct quantitative determination of the 
law of attenuation would be of fundamental significance; but, 
so far as I know, this has never been carried out. The law con- 
necting amplitude and distance has been obtained only indirectly 
thru absolute measurements of the field intensity, which latter 
have even been used for the determination of the effective height 
of a transmitting antenna and have given values which are in 
agreement with the conclusions drawn from the geometrical 
dimensions. 

The curvature of the earth must be considered in connec- 
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tion with the propagation of waves over larger distances. If the 
distance is small in comparison with the circumference of the 
earth, we may regard the earth’s surface as very approximately 
spherical. Then, if A is the distance of the receiver from the 
transmitter measured on the spherical surface, the energy in 
spreading out over the arc A has not traversed a circle of circum- 
ference 27 А in this plane, but only a circle which is smaller 


| . sina : у 
іп the ratio uidi (where « is the angle between the transmitter 
а 


апа the receiver viewed from the center of the earth), and, there- 
а 
па | 

When still greater distances have to be considered, and par- 
ticularly in telegraphing to the opposite hemisphere, this well- 
known formula is no longer justified because of the curvature of 
the earth for non-directional transmitters. Only when tele- 
graphing from pole to pole may we regard it as approximately 
correct, because the Huyghens’ elementary wavelets then com- 
bine into an enveloping wave front which moves parallel every- 
where to their lines of propagation or meridians, and which wave- 
lets continue along meridianal paths on the opposite hemis- 
phere because all points reached simultaneously on the paths of 
the waves are equally far from the poles. On the other hand, 
the further the transmitter is separated from one pole, the greater 
will be the difference of phase between the elementary waves 
which reach the distant receiver; and for a point on the equator, 
the path to the antipodes along the equator is 34 kilometers 
(21 miles) longer than that over one pole along the meridian. 

If we consider, as an ideal case, that the earth is a perfect 
conductor and the atmosphere a perfect insulator, the wave 
which reaches the antipodes is obtained by summation of all the 
Huyghens elementary wavelets which have nearly equal ampli- 
tudes but various path differences of between zero and 34 kilo- 
meters (21 miles). Short waves will therefore combine practi- 
cally to annul each other, because all those in one phase will be 
nearly exactly as powerful as those in the opposite phase, and 
therefore short waves are not suitable for communication over 
long distances. 

For this reason, communication over great distances (con- 
sidering the curvature of the earth) requires waves of the order 
of magnitude of 10,000 meters in length if audible alternating 
currents are not to be used for transmission. This fact has be- 
come well known thru the experience of those operating high- 
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fore, the field is increased in the ratio М 


power stations, altho the curvature of the earth has not hitherto 
been given as the explanation for the necessity for long waves. It 
is perhaps not superfluous to emphasize this point because the 
desire to operate on short wave lengths is connected with effi- 
ciency of radiation from the transmitting antenna. 

The above considerations cannot give more than the general 
order of magnitude of the necessary wave lengths. However 
attractive it may appear to be to calculate the most useful wave ° 
length for communication over the earth's surface between two 
distant points, it must not be anticipated that the results of & 
precise calculation will be substantiated by experiments, since 
the initial assumption that the earth is а uniformly good con- 
ductor of electricity is not sufficiently true in reality. Тһе sur- 
face of the earth consists of water and land, and the waves have 
different velocities of propagation over these various surfaces. 
We can draw this conclusion in part directly from measurements 
of the stationary waves on wires stretched over the surface of 
the earth and in part indirectly from the deviations from a true 
direction or straight line path which occasionally result in direc- 
tional telegraphy. Тһе outward travel of the waves is more or 
less retarded by the differences between the non-homogeneous 
surface of the earth and a perfect conductor, and also because of 
the differences of path which result from the geometrical shape 
of the earth which leads to the elementary wavelets arriving at 
the distant receiver at different times. It is useless, however, 
to attempt to calculate these time differences because of the 
irregular distribution of water and land. 

It is even more difficult to calculate numerically the changes 
in amplitude of the waves in traveling over a partially conduct- 
ing surface, but even if such calculations could be successfully 
carried out, the influence of the atmosphere on the propagation 
phenomena would again alter the phenomena. This influence 
has been experimentally found to change with the weather and 
even with the amount of sunlight. 

The investigations which have been published relative to these 
effects are so numerous that it is impossible to discuss even the 
most important of them. Attention has been concentrated 
properly on Dr. L. W. Austin's formula for the calculation of 
signal strength at a distance in radio telegraphy. In this formula 
it is assumed that the absorption depends upon the wave length, 
and the numerical value of the absorption is empirically deter- 
mined. Furthermore, the formula is limited to the distant effect 
during the day and over sea water. It is natural with such 
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limitations that only roughly approximate formulas сап be ob- 
tained for the radio signal at distant points, since a generally 
applicable formula cannot be set up as long as the much simpler 
task of calculating the state of the weather is not possible. 

Unfortunately, it is difficult to obtain information experi- 
mentally on radio signals at considerable distances, since such 
signals are so weak that they can hardly be directly measured by 
normal physical apparatus capable of giving objective or direct 
readings. Instead, a number of subjective or indirect methods of 
observation have been developed which do not always give even 
the order of magnitude of the signal, much less a quantitatively 
accurate value. As a result of this, even to-day, after using radio 
communication for twenty-five years, we are still not able to 
state whether the day or night values of signal correspond to 
normal travel of the waves. Partly as a result of the uncertainty 
relative to these fundamental questions, there have been pro- 
pounded a great number of theoretically possible explanations 
which, however, sometimes border on the fantastic. 

We have taken pains at the National Telegraph Engineering 
Bureau to devise receiving arrangements which enable the de- 
termination of received signal strength to be objectively carried 
out, and we have set up as a desirable condition that the trans- 
mitting station must not be required to send out special long 
dashes, but that we shall be able to make objective measure- 
ments on the signals of every audible station transmitting normal 
text. The measuring apparatus consists of a heterodyne re- 
celver, and the signals are sufficiently amplified so that com- 
fortable readable deflections are obtained on a thread elec- 
trometer even when Honolulu, the most distant station, is trans- 
mitting. The apparatus can be calibrated, and is set up at two 
locations, one in Berlin and the other 100 kilometers (62 miles) 
further north in Strelitz. The details of this equipment will 
be published by Mr. G. Anders. During the year we have suc- 
ceeded in increasing the reliability of this measuring apparatus 
and its ease of calibration to such an extent that simultaneous 
observations on the incoming field strength of American stations 
agree to within 30 percent. 

With these receivers we have concentrated on the signals 
from the American stations at Rocky Point (Long Island, New 
York) and Marion, Massachusetts, as a regular proposition, for 
a considerable time. In carrying out our plans to determine 
objectively the amplitude of the incoming waves as well as to 
specify their diurnal and annual variations in more precise fash- 
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ion than is possible by the subjective methods, our thanks аге 
particularly due to Doctors A. N. Goldsmith and L. W. Austin, 
whom we have interested in this work. In particular, Dr. Gold- 
smith has most accommodatingly arranged that all our wishes 
regarding the procedure at the Rocky Point Station, as required 
by these researches, have been fully carried out. 

These observations have been carried so far that, in the near 
future, a complete description by Mr. Bauemler will follow. It 
is already possible to take a definite position relative to certain 
questions which I have mentioned above. 

The received field strengths fluctuate by day and night. The 
highest values are obtained at night. We have compared these 
values with those which can be calculated from the distance of 
the transmitting station, its antenna current, and its antenna: 
height, provided the spherical shape of the earth is neglected 
and absorption is not considered. Тһе comparison shows that 
even the night values are generally smaller than these theoretical 
values. Peak observations, which exceed the theoretical value, 
frequently occur, but they exceed the theoretical value by less 
than thirty percent, that is, by less than the possible error of the 
observations. It is possible to conclude from this that there is 
no urgent necessity for explaining the large signal values at night 
by assuming reflections in the upper layers of the atmosphere. 
It is much more plausible to conclude that the propagation 
phenomena at night from America to Europe take place with 
relatively small disturbance over a good conducting ground sur- 
face in а homogeneous atmosphere which acts as a perfect 
insulator. 

Ав а result of the numerous subjective observations, it has 
been known for a long time that the dependence of transmission 
on time of the day and season of the year is particularly marked 
for short wave lengths. "The following average values obtained 
during the past few months have been secured for the 16,400- 
meter wave of Rocky Point (Long Island, New York, United 
States). During winter nights, the waves arrive with practi- 
cally the theoretical or calculated amplitude. During the day 
in winter time, the amplitude diminishes to one-quarter of the 
theoretical value. The signal strengths during the summer 
nights are only slightly below the theoretical value, while the 
daytime values are greater in the summer than in the winter, 
the ratio between the average day and night strengths during 
the summer months being only one-to-two. 

Because of the subjective impressions, the differences are 
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generally given as much larger. Тһе reason for this is actually 
psychological. Specifically, the atmosphere disturbances make 
it very difficult to determine the true strength of signals subjec- 
tively. These disturbances are particularly strong in the summer, 
and increase the difficulty of reception to such an extent as to 
cause the observer to underestimate the intensity of the signals. 

Only partial information is available as to the source of the 
disturbances of radio reception. А portion of these disturbances 
undoubtedly originate in atmospheric electrical effects, and many 
useful researches have been carried out to explain the mechanism 
of the production of the disturbances. It is well known that the 
normal electric field in the atmosphere, as well as the magnetic 
field of the earth, is continually varying. Such variations appear 
with widely different magnitudes, and, for example, cause dis- 
turbing currents in the wire lines used for telegraphy and tele- 
phony. It is not to be expected that these electrical disturbances 
will fail to produce some effect on the delicate radio receivers. 
Actually, thay cause severe disturbances in the receivers because 
the radio receiver must be so much more sensitive than the 
equivalent arrangements used for wire communication. 

It would be natural to attempt to establish a connection 
between the weather conditions and these atmospheric electrical 
disturbances. With this in view, we have carried out observa- 
tions during the last year at the research laboratory at Strelitz 
not only on disturbances of reception but also оп various meteoro- 
logical and atmospheric electrical factors. |. However, no relation 
has been established between the intensity of the disturbances, 
nor yet the signal strength, and any of the phenomena taking 
place on the earth's surface (see Wiedenhoff, “Jahrbuch der 
drahtlosen Telegraphie," volume 18, 1921, part 4). Altho the 
results have therefore been negative, they have had the bene- 
ficial result of stimulating the devlopment of more powerful 
methods of studying disturbances of reception. 

It must also be recognized that many disturbances of recep- 
tion which have hitherto been ascribed to atmospheric disturb- 
ances unquestionably originate in man-made electrical installa- 
tions. Reception has been repeatedly carried out in cities when, 
because of war conditions or strikes, all electrical equipment was 
at rest. Under such circumstances there were very few dis- 
turbances of reception. 

The types of noise produced by the disturbances in the tele- 
phones have also been made the basis of their investigation. 
There are, for example, very rough disturbances which cause a 
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crackling sound and are well marked in ink recorder reception. 
They appear with different intensities in receiving sets connected 
to antennas which are directional along different lines, and are 
particularly well suited for objective observation because of their 
intensity. 

We next recorded these disturbances in Berlin and Strelitz, 
utilizing for this purpose the time signals from Paris and Lyons 
and taking down the signals on a usable cable siphon recorder. 
The receivers were therefore tuned to the same wave length and 
the time signals enabling direct comparison of the records for 
detecting possible simultaneity of the disturbances. It was found 
that a large part of the disturbances occurred simultaneously in 
Berlin and Strelitz. Following this, the same investigations 
were carried out іп Hamburg, and then in Mr. М. Dieckmann’s 
station at Gráfeling near Munich where Messrs. Н. а. Möller 
and Gleissner very kindly undertook to carry out the observa- 
tions. These investigations showed that even with the receiving 
stations separated by 600 kilometers (375 miles), a large part 
of the disturbances coincided. At this point Dr. A. N. Gold- 
smith courteously participated in these investigations by arrang- 
ing to have the time signals from Lyons similarly recorded at 
the Riverhead (Long Island, New York) receiving station of the 
Radio Corporation of America. The records of the disturbances 
obtained in New York and Berlin also showed many coincidences, 
so that it was established that there are disturbances which cover 
a large portion of the earth’s surface. A more complete descrip- 
tion of these observations has been published by Mr. M. Bauemler 
in three articles on “Simultaneous Occurrences of Atmospheric 
Disturbances” (‘‘Jahrbuch der drahtlosen Telegraphie und 
Telephonie," volume 19, 1922, part 2; volume 20, 1922, part 6; 
and volume 23, 1923, part 1). 

These researches have therefore established the important 
fact that there are disturbances of radio reception which cannot 
originate in the vicinity of the receiver. It 18, therefore, neces- 
sary to seek their source in distant electrical discharges in the 
atmosphere or else in still unknown cosmic phenomena or in 
equally unknown occurrences in the interior of the earth. This 
last possibility might be somewhat preferred since Mr. Bark- 
hausen has found that iron, placed in а variable magnetic field, 
is not magnetized or demagnetized smoothly and steadily, but 
in jumps and finite steps. The earth has а magnetic field of its 
own which is subject to very appreciable variations. Тһе masses 
of iron in the crust of the earth must therefore be subject to simi- 
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lar variations in their magnetization. It is true that we have по 
exact knowledge of the characteristics of the iron-containing 
portions of the earth. Yet is may be possible, thru investiga- 
tions of the electromagnetic disturbances taking place on the 
surface of the earth and simultaneously over large areas, to dis- 
cover in the future whether they are caused by the Barkhausen 
effect in the iron-containing portions of the earth. 


Berlin, October, 1923. 


SUMMARY: The propagation of electromagnetic waves over the earth’s 
surface is studied, particularly for very long distance transmission, for which 
it is deduced that short waves are inherently unsuitable. 

Methods of quantitatively determining the strength of received signals are 
shown to be necessary; and some of the results obtained by their use in con- 
nection with diurnal and seasonal variations of transmission are given. 

The simultaneous appearance of disturbances of reception at widely 
separated points is investigated and found to exist, and it is concluded that 
the source of such widespread disturbances may be in iron-containing portions 
of the earth’s crust subject to varying magnetic fields and with a stepwise 
altered magnetization according to the Barkhausen effect. 
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THE CAPE COD MARINE SYSTEM OF THE RADIO 
CORPORATION OF AMERICA* 


By 
F. H. KROGER 


(RaDio CORPORATION OF AMERICA, NEW YORK) 


It is the purpose of this paper to give a general description 
of the system and equipment employed in the development of a 
marine coastal station, representing the commercial application 
of the more recent improvements known to the art of radio 
telegraphic communication. 

Marine radio communication may be divided into the follow- 
ing classes of service (in the order of relative degree of im- 
portance of the divisions): 

(a) Distress Signals; (b) Navigation Information; (c) Ship 
Docking and Diversion Orders; (d) Public Radiograms; (e) Press 
Items, and (f) Medical Service. In explanation of this classifica- 
tion, distress signals include only the SOS calls which are given 
by the ship in distress, and these affect the shore station only 
when it may be called upon to relay weak signals, or to call other 
ships to the aid of the distressed vessels. Navigation information 
includes time signals, storm warnings, compass bearings, radio 
beacon signals, and the like, which are generally not handled by 
commercial shore stations in this country, but are sent out by 
the government without charge. Ship docking reports are given 
within a short distance of the harbor for the purpose of arranging 
pler accommodations. Ship diversion orders are given by the 
ship owners to the ship for the purpose of altering the ship’s 
destination while en route. In this way, immigrant ships are 
quickly diverted to less congested ports; cargo ships which leave 
without exact destination can be ordered into ports offering the 
best market; or they may be diverted to secure better handling 
or port facilities when some emergency suddenly alters conditions. 
This service must be prompt, and therefore, it is most efficient 
when there is little relaying to do. This requires that the shore 
station have a long daylight range. 


* Presented before THE Імвтітоте оғ Rapio Ехсімеквв, New York, No- 
vember 7, 1923. Received by the Editor, December 6, 1923. 
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Public radiograms аге sent by individuals (and average four- 
teen words per message). These messages can be allocated as 
approximately 75 percent relating to business and 25 percent for 
social purposes. However, this allocation is subject to wide 
variations depending on the time of year, the class of ship, and 
the season of travel. The shore station is called upon to handle 
this traffic with heavy peak loads and yet to give prompt delivery. 
It might at first appear that the ocean traveler is not concerned 
so much with time, but the advice of one who has handled 
thousands of complaints is that the individual is indeed much 
concerned with hours and even minutes, and that facilities must 
be provided for the handling of the large files of messages in short 
periods. Press items are broadcast at scheduled times. Con- 
sequently the matter of news selection has been given consider- 
able attention, and the press material is compiled by a Metro- 
politan daily and edited in the light of experience in this special 
field, national and local propaganda being deleted. The shore 
station must be equipped to reach ships which are within a day 
of the continent of Europe, as the demand for American news is 
very pressing. A medical service which was established recently 
provides for a ship obtaining professional medical advice on appli- 
cation to the shore station; this advice 1 is free and originates in 
the Navy Marine Hospital. 

Therefore we have the following requirements for a shore 
station which shall be capable of handling all classes of commer- 
cial service: 

(1) A continuous watch must be maintained on all wave 
lengths allocated for traffic. (2) Provision must be made for 
recelving calls at the same time that traffic is being accepted. 
(3) The number of channels on each wave length shall be suf- 
ficient to take peak loads of traffic without undue delay. (4) The 
daylight transmitting and receiving range shall be at least to 
mid-ocean. These requirements may be met by the erection of 
several stations separated by considerable distances and in 
fact, this was the solution previous to the war. This method 
of providing facilities for handling marine traffic has caused an 
unnecessary amount of interference among the stations them- 
selves and also to other classes of communication. Each station 
controlled its own affairs and was not amenable to a traffic head, 
and the result has been that even stations under the same owner- 
ship are often found to be causing interference by competing for 
a ship’s traffic. Economic considerations point to a radio cen- 
tral station as a practical solution to the problem of handling 
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large peak traffic loads and also covering a sufficiently large zone 
to give the service desired. In addition, it 15 of course obvious 
that there will be required small stations in the large harbors 
which can take care of vessels which are about to dock. Realizing 
the advantages to be obtained by diminishing interference, and 
the resulting economic gain in having a centralized system, the 
Radio Corporation of America decided to proceed with the de- 
velopment of such asystem. The Cape Cod, Massachusetts, prop- 
erty was chosen as being suitable, and in the beginning of 1921 the 
first work was started. The initial step was taken to provide a 
channel on 136 kilocycles (2,200 meters). It was felt that this 
must be operated on continuous waves (с. w.) in order to obtain 
the desired range and not to interfere with other classes of radio 
traffic. About this time, the one-kilowatt tube was just emerging 
from the research laboratory of the General Electric Company. 
In order to obtain data as early as possible on the use of high 
voltage tube sets, two of these one-kilowatt tubes were used in 
a circuit oscillating directly into the antenna, with an alternating 
voltage of 12,000 applied to each anode. Тһе set was installed 
at the Marion, Massachusetts trans-Atlantic station and the 
receiving equipment at the trans-Atlantic receiving station at 
Chatham. The results were quite gratifying, and the engineering 
department was asked to supply specifications for a somewhat 
larger transmitter. Тһе next step was to use three of the one- 
kilowatt tubes, with the additional refinement of providing a 
constant source of high tension direct current for the plate supply, 
and to have the tubes generate oscillations in a “tank circuit” 
coupled to the antenna. By so doing the harmonics which were 
causing interference when operating the two-kilowatt high 
voltage alternating current set were eliminated and the frequency 
of the transmitter was not controlled by the constants of the 
antenna. This new set was installed and turned over to the 
Traffic Department in December, 1922, about seven months after 
the first set was put into operation. The operators at Chatham 
reported that no one heard the three-kilowatt set and insisted 
that the shift engineer at Marion give them the two-kilowatt set. 
Upon investigating the situation, it was found that the two- 
kilowatt set was radiating a band of wave lengths instead of 
a pure wave, and that the operators aboard ship had become 
accustomed to picking up station WCC at Marion without special 
care in accurately setting their tuners. "Therefore instructions 
were given to try out the new three-kilowatt set for a given length 
of time in spite of the protests of the Chatham operators. At the 
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end of two weeks, the new set was being used exclusively апа 
without protest. When the old two-kilowatt set was substituted 
some time later, while some minor changes were being made in 
the three-kilowatt set, there was an immediate complaint from 
the ships. This experience was of great value to the engineers 
and gave them courage to proceed along the lines taken later 
with regard to the higher frequency channels. The next step 
was to provide two channels on the lower frequency, which was 
done by erecting a second antenna, and using the two-kilowatt 
transmitter on 130 kilocycles (2,300 meters). Thus, in the 
course of а year, two transmitting and two receiving 
equipments were installed and in operation on the lower 
frequency band allotted for marine service. Six months later 
a request was made to consider the feasibility of enlarging 
the system to include the higher frequency band for marine 
service. Transmission measurements of signals radiated from 
Marion showed that it was not economical to place the trans- 
mitters at Marion, whereas signals sent out from Chatham were 
efficiently radiated. To operate a transmitter of several kilowatts 
input to the antenna at 500 kilocycles (600 meters) at the same 
place that the receiving is done on 136 kilocycles (2,200 meters) 
involved receiving signals giving a field intensity of less than one 
microvolt per meter without interference from a transmitter 
which was giving a field strength at the receiving antenna of the 
order of 10 volts per meter or an energy ratio of a hundred-trillion- 
to-one. Field work was immediately started at the Belmar 
laboratory to determine a method of producing modulated radia- 
tion which would be satisfactory for crystal reception and would 
not cause interference in the 136 kilocycle (2,200 meter) receivers. 
The fears expressed in general that interrupted continuous waves 
(i. c. w.) would be too sharp and that they were not efficient for 
crystal reception caused work to be done on producing a radiation 
which covered а band of frequencies rather than a single fre- 
quency. Such an experimental set was assembled and tests were 
made using various widths of frequency bands, in connection 
with a test-receiving station at a distance and with ships picked 
at random. From our receiving engineers’ report it was apparent 
that with the usual ship receiver using a crystal detector the 
change of width of frequency band of the transmitter when 
receiving on stand-by position did not have an appreciable effect 
on the intensity and sharpness of tuning and when receiving 
on loose coupling it was only when the broadening was increased 
beyond 3 percent that the effect began to be noticed. With the 
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noticed increase іп broadness of tuning, also came a decrease іп 
the intensity of the signal. The reports from the ships were not 
at all coherent until the broadening was increased to 10 percent, 
when the report was in all cases that the tuning was broad. 
With 3 percent broadening, the reports varied between “уегу 
sharp” to “same as spark station." From this data it was ap- 
parent that if the operators used loose coupling, the tuning would 
be little sharper when receiving 1. с. w. than for a good spark 
station and there would be increased intensity with i.c. w. in 
that they would receive all the energy on one frequency. The 
experience with the two- and three-kilowatt sets at Marion on 
136 kiloeycles (2,200 meters) was considered sufficient evidence 
that the ship operators would not have difficulty with tuning 
as soon as they learned of the advantages resulting. Therefore 
we preceeded to develop a method of modulating the continuous 
waves which would radiate on one wave length and would give 
crystal detector reception efficiently. The first step was to find 
the law of reception efficiency as the ratio of time-on to time-off 
of energy flow was varied. This variation plotted with audibility 
as taken by the shunt box method as ordinates and the average 
power as abscissas showed that when the energy is flowing one- 
third of the time the audibility is greatest for a given maximum 
amplitude of energy flow. Since, however, we should consider 
the quality of note this gives when heterodyning, we find that at 
this point the note is not musical and not until the energy is on 
one-half of the time is the note sufficiently musical to make copying 
easy and to be of value in reading thru interference and static. 
It was considered advisable to sacrifice plain detector reception 
to the extent of reducing signal intensity about 20 percent in 
order to get musical quality of signal when heterodyning. Тһе 
result is a musical note which is reported as not mellow, but hav- 
ing a quality helpful in reading thru interference. Ав а result 
of the experimental work, specifications were written and the 
equipment installed last summer. 

The system which began with one channel on 136 kilocycles 
(2,200 meters) has now been enlarged to two transmitters on 
this frequency with а spare set; three corresponding receiving 
channels; one transmitter for 500 kilocycles (600 meters) with 
a spare set and two corresponding receiving channels. Equip- 
ment has also been provided for increasing to two transmitters 
on the higher frequency when required, and space provided for: 
the installation of a third as а spare. 

In brief the elements of the station are: 
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CONTROL SysrTEM— The complete control of the system 
located at Chatham. Here the operators are able to start, ste 
and key any one of the transmitters which are at Marion, and & 
transmitters іп the power house at Chatham. The distance Еге 
Chatham to Marion is 50 miles (80km.). One wire is used for t 
control of each transmitter. The controls are duplicated at eas 
receiving channel, and signaling lamps indicate when the tran 
mitters аге in service. The land lines terminate here which ріл 
direct service to the Broad Street office in New York City, 1 
a distance of 200 miles (320 km). 

TRANsMITTERS— The transmitters located at Marion consit 
of a three-kilowatt set and two five-kilowatt sets, while the trant 
mitters located at Chatham consist of two five-kilowatt вен 
The three-kilowatt set is shown in Figure 1 and the genera 
assembly of the five-kilowatt set is shown in Figures 2 and 3. 

ANTENNA SYsTEM— The antennas located at Marion are tw« 
inverted “Т,” antennas drawn from the two outside end masts sup 
porting the trans-Atlantic antenna. The down lead for each anten- 
nais vertically under the lower end of the flat top terminating at 
the tuning coil in the field. The energy is fed to the tuning coil by 
transmission lines which are six hundred and three hundred feet 
(183 and 92 meters), respectively for the two antennas. Тһе 
coupling at the antenna coils is conductive and at the transmitter 
end it is inductive. The antenna at Chatham consists of four 
“Т” antennas supported from а 350-foot (107 meter) tower. 
The down leads are brought into a common point and then to the 
tuning coil at the base of the tower. Тһе housing for the outdoor 
tuning coil is shown in Figure 4. Figure 5 shows the general 
arrangement of the antenna. | 

GROUND SysTEMS— The ground system at Marion consists at 
present of an incomplete overhead distribution system which feeds 
thru balancing coils to points onunderground bus wires which bond , 
together the ground system of the trans-Atlantic set. This is 
not efficient for the marine wave lengths and will be supplemented 
as soon as the changes now being made in the trans-Atlantic 
ground are completed. Тһе ground resistance for one antenna 
is fourteen ohms and for the other ten ohms. It is expected that : 
this will be decreased to five ohms each. Тһе ground system at | 
Chatham consists of a mesh of buried wires which are fed by an | 
overhead distribution system. Оп account of the large area 
avallable the resistance of this ground is of the order of two to 
three ohms. | 

The energy is fed to the tuning coil by а transmission line | 
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900 feet (277 meters) long, and the coupling is inductive at both 
ends. The construction of this line is shown in Figures 6 and 7, 
and the latter figure shows the line leaving the power house 
where the transmittsrs are installed. The tuning house at the 
base of the antenna at Chatham is shown in Figure 8. 


FIGURE 4 


FIGURE 5 
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ReEcEIvVERS—There are provided three receivers for the lower 
frequency band and two receivers for the high frequency band. 
One of the complete receiving units is shown in Figure 9. 


FIGURE 6 


FIGURE 9 
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RECEIVER ANTENNAS—There аге two wave antennas, one 
downleads extending to the south, and the other to the west, 
which is used on the lower frequency band. The receivers are 
arranged so as to be used either all on one antenna or dis- 
tributed between the antennas. The antennas for the higher 
frequency band consist of a vertical antenna and a loop system. 

The results obtained from the Cape Cod system have dem- 
onstrated that the application of the recent developments in 
the art of radio to marine service is not untimely and will bring 
about an increased over-all efficiency in traffic handling and in 
the utilization of the limited available wave bands. 


SUMMARY: This paper gives a general outline of the character of traffic 
handling which is required in a modern marine radio telegraph communica- 
tion system. A description of the Cape Cod multiplex marine station of the 
Radio Corporation of America is given, and the operating problems encoun- 
tered in supplementing spark transmitting sets with vacuum tube trans- 
mitters are outlined. 

A brief description, with photographs of the transmitting and receiving 
equipment, is given; and the advantages made pcssible by the application 
of modern radio engineering methods to marine coastal stations are explained. 
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KDKA 


THE RADIO TELEPHONE BROADCASTING STATION 

OF THE WESTINGHOUSE ELECTRIC AND MANUFAC- 

TURING COMPANY AT EAST PITTSBURGH, PENN- 
SYLVANIA* 


By 
D. G. LITTLE 


(RADIO ENGINEERING DEPARTMENT, WESTINGHOUSE ELECTRIC AND MANU- 
FACTURING CoMPANY, East PITTSBURGH, PENNSYLVANIA) 


The purpose of this paper is to give a brief history of КОКА 
as the pioneer broadcasting station and to describe the equip- 
ment in use at the present time. KDKA was placed in operation 
on November 4, 1920, and broadcast as the first program the 
presidential election returns of that date. Semi-weekly pro- 
grams were put on from that date until December 1st, 1920,when 
regular evening programs were commenced. Тһе temporary 
call letters first assigned were 8ZZ. With a power output of only 
100 watts, 8ZZ aroused great interest within a radius of 500 miles 
(800 km.) of Pittsburgh, and radio broadeasting as a public 
service may be said to have been started. On August 1, 1921, the 
power was increased to 500 watts and again on October 1, 1921 
to 1,000 watts output. 

А broadcasting station, in order best to serve the territory 
it normally covers, must have ample power; the quality both of 
reproduction and of programs must be of the best; and the 
service must be reliable. Provision should also be made for con- 
siderably increasing the power for emergencies or events of 
national interest. In order more nearly to approach these con- 
ditions, new and improved equipment has been added to KDKA 
both in the station and the studios. Тһе station apparatus will 
be described in detail and the studio pick-up arrangement 
covered in а somewhat more general manner. 

KDKA is now provided with three complete transmitting 
sets, designated as sets numbers one, two, and three. 

*Received by the Editor, December 24, 1923. Presented before THE 
INSTITUTE OF RADIO ENGINEERS, New York, January 2, 1924. 
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Ғісеве 1—Schematic Diagram of K D K A, East Pittsburgh, Pennsylvania 


А schematic diagram of the station is shown in Figure 1. 
It will be seen that each transmitter has its own speech amplifier 
and power supply apparatus. Set 1 has been fully described 


Figure 2—Number 1 Transmitter 
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elsewhere, and the description will not be repeated here.! Figure 
2, shows this set with its speech amplifier and power control 
panel. This transmitter was employed on regular programs up 
to October 1, 1923. Set 2 is shown in Figure 3. A single-phase 


Figure 3—Number 2 Transmitter 


60-cycle rectifier supplies the plate current at a potential of 
5,000 volts to one metal water-cooled oscillator tube and a similar 
modulator tube. The constant current system of modulation 
is employed. The oscillator tube is connected to a primary cir- 
cuit which in turn is loosely coupled to the antenna. This 
coupling system and also the speech amplifier is of the same de- 
sign as that employed with the number 3 transmitter which will 
be described below. 


NUMBER З TRANSMITTER | 


A general view of number 3 transmitter is given in Figure 4. 
The three panels at the left are high voltage rectifier and control 


“Electric Journal," June, 1922. 
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panels while the radio set proper is mounted on the three panels 
at the right. It will be seen that this equipment is designed 
along standard switchboard lines, each unit being a separate 
panel. This construction gives accessibility together with a 
rugged and permanent design. Metal water-cooled vacuum 
tubes are employed as rectifiers, modulators, and oscillators in 
the usual manner, being supported on porcelain pillar insulators 
behind gray marble panels upon which are mounted the neces- 
sary instruments, water indicators, relays, and rheostats. 


Кіссне 4—Number З Transmitter, General View 


RECTIFIER 


The rectifier for furnishing the high voltage direct plate cur- 
rent to the radio set is of the two-phase type. Primary power 
is 220 volts, 60 cycles, two phase, obtained from the works power 
plant. Four two-electrode tubes are used, two on each phase, 
as shown in the diagram Figure 5. The filaments of the rectifier 
tubes are connected in parallel and heated by 60-cycle power 
at 15 volts. The four rectifier tubes and associated apparatus 
have a maximum rated output direct potential of 10,000 volts 
The characteristics of а rectifier tube are given in Figure 6. Іп 
appearance the rectifier is the same as the three-electrode tube 
shown under Figure 14 below, except that the grid is omitted. 
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Figure 5—Two-phase Rectifier and Filter, circuit diagram 


Each rectifier tube requires approximately 20 gallons of water 
per hour for cooling the plate, the water being fed into and away 
from the tubes thru 14 inch (0.6 em.) inside diameter rubber 
tubing twenty feet (6 m.) in length placed in the form of a coil, 
as can be seen in Figure 4. Тһе tubing is connected directly 
to the works water mains and drainage system. The resistance 
of these two columns of ordinary city water is approximately 
two megohms, giving a leakage loss of 5 milliamperes at 10,000 
volts or 50 watts. Тһе total leakage loss from rectifier and radio 
set is thus not over 500 watts, which is less than the power re- 
quired to operate a circulating and cooling system insulated from 
ground. This construction as described materially simplifies the 
equipment. | 

Figure 7 shows a close-up of the rectifier panels. Тһе instru- 
ments on the panels are direct current ammeter for each phase, 
filament voltmeter, and ammeter reading total filament current. 
The filament meters are operated thru insulating transformers, 
as the tube filaments may be at 10,000 volts potential above 
ground. Тһе primary power supply is stepped up by two trans- - 
formers the secondaries of which are connected to the rectifier 
tube plates, as shown in Figure 5. The direct current ammeters 
for each phase are placed in the return leads to each transformer. 
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Switches are provided so that the plate transformer primary 
voltage may be made 110, 154, or 220 volts by connecting to 
neutral and interphase voltage points for adjusting the plate 
voltage of the transmitter and thus its power output. 
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FIGURE 6 


FILTER 


А single step filter is employed for reducing the ripple voltage 
in the output of the rectifier. This consists of a 20-henry 
inductance connected in series with the positive lead, together 
with 4-microfarad and 12-microfarad condensers connected 
from either side of the inductance to the negative line. The 
constant current choke is composed of four 20-henry inductances 
in series. Figure 8 shows the filter as installed. This combina. 
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tion of inductance and capacity leaves a ripple of less than 0.02 
of 1 percent with the resonant frequency of the constant current 
choke coil and 12-microfarad condenser at 5.3 cycles, which is 
below the audio range. 

The filter condensers deserve special mention in that it was 
necessary to design them for direct current operation. Four- 


FIGURE 7--Тууо-рһаве Rectifier and Control Panels 


Figure 8—Filter Condensers and Choke Coils 
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microfarad units are employed, each unit consisting of twelve 
separate 3-microfarad 3,500-volt condensers connected so that 
there are four sets of three condensers in series across the line. 
In order to divide the voltage equally across each of the three 
condensers, resistances of 300,000 ohms are connected across the 
line and tapped at 100,000- and 200,000-ohm points to the con- 
denser series connections. From the filter the plate current goes 
to the radio set. 


RaDio SET 


Figure 9 shows a close-up view of the radio set panels and 
Figure 10 the circuit diagram. Four three-electrode vacuum 
tubes are used, two as modulators and two as oscillators. The 
filaments of these tubes are connected in series and heated by 
direct current from either of two duplicate motor generator sets. 


Figure 9—Number З Transmitter, Radio Panels 


The oscillator tubes work into a primary radio frequency circuit, 
which in turn is loosely coupled inductively to the antenna. 


Мороглтов PANEL 


The modulator panel is shown at the left in Figure 9. Ве- 
cause of the low impedance and relatively high static capacity of 
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the tubes it is necessary to take steps to prevent the occurrence 
of local or parasitic oscillations. The plate current is fed to the 
tubes thru a radio frequency choke coil with input at the center 
of the winding and one tube connected to each end. Radio fre- 
quency choke coils are also connected with each grid to a single 
20,000-ohm resistor connected in turn to the speech input trans- 
former. This arrangement effectively prevents oscillations tak- 
ing place between the tubes themselves or in series with the tubes, 
the plate choke coil, the grid input transformer, and ground. A 


Figure 10—Number 13 Transmitter, K D K A, (Circuit diagram) 


negative bias of 400 to 800 volts is required and is obtained from 
a small rectifier described below. Figure 11 shows the potenti- 
ometer employed for grid bias adjustment. 

The modulator panel mounts filament voltmeters for each 
tube and rheostats for individual adjustment, modulation meter 
with its current transformer, and modulator and oscillator plate 
current meters which are of necessity connected in the positive 
direct current lead and hence mounted out of reach at the top 
of the panel. Water circulation indicators and control relays 
are also included. Тһе modulator tubes each require 20 to 50 
gallons of water per hour, depending upon the power used. 

Cooling water for all tubes is obtained from a 100-gallon 
atmospheric pressure tank placed 20 feet (6 m.) above the tubes 
and supplied thru float valves from two separate water systems. 
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OSCILLATOR PANEL 


Figure 9 shows the oscillator panel in the center. The two 
tubes are mounted as before. Grid condenser and leak, plate 
coupling condenser, and radio frequency choke coil are mounted 
at the top of the panel as shown. The panel itself mounts fila- 


ЕтсонЕ 11—Potentiometer for Adjusting Mod- 
ulator Grid Bias 


ment voltmeters for each tube and plate voltmeter, together with 
water flow indicators and control relays. A choke circuit in 
series with the tube grids prevents parasitic oscillations. For 
cooling the oscillator tubes, 15 to 30 gallons of water each per 
hour is required. 

The vacuum tubes employed as modulators and oscillators 
are of Westinghouse development and design. Figure 12 gives 
a photograph of a three-electrode tube. With a water circulation 
of 50 gallons per hour one tube will safely dissipate 6 kilowatts 
from its plate in addition to the filament energy of 750 watts. 
This tube is designed for a plate potential of 10,000 volts. At 
a plate efficiency of 66 percent 10 kilowatts output may. be ob- 
tained. Figure 13 shows static characteristic curves. The 
alternating current plate impedance is 2,000 ohms, the amplifica- 
tion constant 13, and the saturation filament emission 8 amperes. 
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FiaurE 12—Three-Electrode Water-cooled Tube 


PRIMARY CIRCUIT PANEL 


The primary circuit panel is shown at the right in Figure 9. 
The circuit consists of two 0.001-microfarad oil dielectric con- 
densers connected in series, and an inductance which may be 
seen above the panel. The condenser series connection provides 
a point of approximately ground potential for the circulating 
current ammeter shown mounted on the panel. A variable air 
condenser of 200 micro-microfarads maximum capacity is con- 
nected across two turns of the inductance and provides for vernier 
tuning of the primary circuit to 920 kilocycles (326 meters). 
Grid, plate, and ground taps are made from the inductance to 
the oscillator panel and coupling tap to the antenna. 


ANTENNA 


The radiating system is of the inverted L type, consisting of 
duplicate antenna and counterpoise shown in Figure 14. The 
antenna is made up of two round cages 170 feet (52 m.) long, 
8 inches (20 cm.) diameter of eight number 14 wires* each, sup- 
ported on spreaders 20 feet (6.1 m.) apart at a height of 90 feet 
(27.5 m.) above the station and 210 feet (64 m.) above the 
ground. The station end is supported by a steel mast 90 feet 
(27.5 m.) above the station roof, while the opposite end is at- 
tached to a brick smokestack. Separate ropes from each cage 
run over pulleys and down the sides of the stack with counter- 
weights attached at the lower ends thus giving a uniform ten- 
sion on the cages at all times. The counterpoise is of the same 
size and construction placed 110 feet (33.6 m.) below the antenna. 
A cage type down-lead is connected to the station end of the 
antenna and is made up of sixteen number 14 copper wires on 3- 
inch (7.6 cm.) diameter spacers. The down lead runs directly 
to a small inductance located on the roof of the station, the cir- 
cult continuing from a flexible tap on the inductance to the 


*Diameter of number 14 wire =0.064 in. =0.163 cm. 
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FIGURE 13 


antenna ammeter, and thus thru a similar cage lead to the counter- 
poise. It will be noted that the circuit carrying the antenna 
current does not enter the station. Energy is supplied to the 
antenna thru a coupling lead attached to the station end of the 
counterpoise. The radiating system is tuned approximately to 
a frequency of 920 kilocycles (326 meters wave length). 


Figure 14—Antenna and Counterpoise 
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The antenna coupling lead is connected to the primary сіг- 
cuits of any of the three transmitters thru inductance coils, the 
coil for number 3 set being shown at the upper right in Figure 9. 
The reason for employing an inductance in place of the usual 
coupling condensers for this purpose is to reduce the harmonics 
radiated from the coupling lead. The coupling condenser offers 
less impedance to a harmonic than to the fundamental frequency, 
whereas the inductance offers a greater impedance, the inductance 
giving four times the impedance of the condenser at double the 
fundamental frequency, nine times at triple frequency, and so 
on. In order still further to reduce the harmonic radiation, a 
parallel resonant circuit tuned to 920 kilocycles is connected 
between the coupling lead and ground, thus acting as a shunt to 
all frequencies except the fundamental of 920 kilocycles. The 
antenna system at KDKA has a total effective resistance of 16 
ohms at 920 kilocycles. 


FREQUENCY STANDARD 


With the large number of broadcasting stations operating 
at present, having assigned frequencies within ten kilocycles 
of each other, it is absolutely necessary that the radiated fre- 
quencies be correct to within 0.1 of 1 percent with practically 
no variation from night to night. А frequency standard for 
station use has been developed which allows this close regula- 
tion to be obtained. Figure 15 shows the external appearance 
and internal construction of the meter and Figure 16 the reson- 
ance curve for one of the meters used at КОКА, which is set for a 
frequency of 920 kilocycles. It will beseen that an adjustment of 
less than 1 kilocycle in 920 may be obtained. These frequency 
standards are designed to be adjusted to the frequency assigned 
to the station where they are to be used and sealed at the Bureau 
of Standards. All of KDKA's transmitters are provided with 
vernier tuners and frequency standards to enable precision 
adjustment. 


CONTROL 


Number 3 transmitter is started and stopped by push but- 
tons located on the attendant's desk, the operator's desk, or the 
control panel, thru contractors on the control panel shown in 
Figure 7. The attendant's desk may be seen in Figure 4. The 
operation of starting number 3 set for a program 1s as follows: 

The station attendant makes an inspection of the set and then 
presses the water-control button, which by means of an electric- 
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ally operated valve turns on the cooling water to all tubes. 
When the water pressure comes up to normal, a green signal lamp 
is lighted at all control stations. The operator may then start 
the set by pressing the power button. The plate current cannot 
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Fiaure 15A—Frequency Standard, Figure 15B—Frequen cy Standard. 
interior exterior 


be applied unless the water is on. Pressing of the power button 
at any control station starts the motor of the filament-heating 
motor generator set. When the filament generator has built 
up and the radio set filaments are lighted, a voltage relay closes 
a contact, which in turn closes contactors on the control panel, 
turning on the rectifier filaments and primary of the plate trans- 
formers. The radio set starts as soon as plate voltage is ob- 
tained from the rectifier and filter. When the primary of the 
plate transformers are connected to the line a red signal light 
appears at all control stations. The negative lead from the 
rectifier is connected thru an overload relay on the oscillator 
panel which opens the control circuit and shuts down the set in 
case the plate current exceeds a safe value. In case of filament 
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FIGURE 16 


failure of one of the radio set tubes, all the filaments cease to burn 
because of the series connection. To prevent the plate voltage 
rising to abnormal value, a relay with coil in series with the fila- 
ments opens the control circuit and shuts down the rectifier and 
plate supply. In case the water supply fails, the set is also auto- 
maXically shut down. The set is normally stopped by pressing 
the stop button for either water or power at any control station. 
This interlocked control system protects the vacuum tubes from 
injury and prevents mistakes on the part of the operators. Fig- 
ure 17 shows a schematic diagram of the arrangement. 


Grip Bras AND AMPLIFIER PLATE VOLTAGE RECTIFIERS 


Figure 18 shows two full-wave rectifiers and filters mounted 
in one frame. One supplies grid bias voltage for sets 
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2 and 3, and the other power for the 50-watt speech amplifiers 
described below. Two 0.25-ampere glass rectifier tubes are used 
in each, the grid bias requiring approximately 1,000 volts direct 
current and the amplifiers 2,000 volts at the rectifiers. These 
rectifiers are started automatically by contactors from the con- 
trol circuits of sets 2 and 3. Аз auxiliary supply, a small motor 
generator set is available for grid bias, while the amplifiers may 
obtain their plate current from the 2,000 volt generators con- 
nected with set 1. 
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Figure 17—Number 3 Transmitter Control Syste 


AUDIO SYSTEM 
Two outside telephone lines, the “Pittsburgh Post" studio 
line and the East Pittsburgh studio line, terminate at the 
station operator’s desk. The audio frequency circuits are 
shown by light solid lines in Figure 2. The station opera- 
tor is in complete control of the station from this desk. 
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Figure 18—Rectifiers, Supplying Modulator Grid Bias and Ampli- 
fier Plate Voltages 
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He may switch any line to any set, start and stop апу set, 
and control the amount of modulation as indicated by the 
modulation meters at the desk. The operator may also, 
by means of switches and head receivers, listen in on any 
line, listen to the output of any amplifier, or by means of a 
crystal receiving set, listen to the radio output. Centralizing the 
control in this manner has been found to eliminate mistakes and 
generally improve the operation of the station. 

The audio amplifier for set 2 consists of a 5-watt push-pull 
stage and a 50-watt push-pull stage, all transformer coupled. 
The number 3 set has a similar amplifier arrangement and also a 
50-watt push-pull first step, and 100-watt push-pull second step 
which may be used in place of the 5- and 50-watt combination. 

Figure 19 gives a photograph of the 50-100-watt amplifier. 
Storage batteries are provided in duplicate giving voltages of 200 
for the 5-watt plates and 12 volts for the 5-watt and 50-watt 
filaments. 


FIGURE 19—50-100-watt Speech Amplifier 


STUDIO EQUIPMENT 


Figure 20 shows the interior of the studio at the ‘Pittsburgh 
Post." Double carbon button and condenser type microphones 
are provided, each with its separate amplifier. Figures 21 and 22 
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show the three-stage push-pull amplifier employed with the con- 
denser microphone, and Figure 23 the control desk and amplifier 
for carbon microphones. А ventilated compartment contains 


Figure 20—*'' Post" Studio, interior view 


duplicate 8-volt and 200-volt storage batteries for amplifier plate 
and filament power. | 

Figure 24 shows the East Pittsburgh studio where a glow 
тісгорһопе,? as well as condenser and double carbon microphones 


FicunE 23—"'Post" Studio Control Desk and Portable Amplifier 


з For description, see “Journal “of the American Institute of Electrical 
Engineers," volume XLII, number 3,!'page 219; March, 1922. 
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аге installed. The studio operator sits at a control desk, upon 
which are mounted the necessary amplifier change-over switches, 
signal lights, and modulation meter connecting with the station. 
There are 200-volt and 8-volt storage batteries with charging 
apparatus, which are permanently installed in an adjoining room. 
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Е1совЕ 24— East Pittsburgh Studio, interior view 


OUTSIDE Pick-up APPARATUS 


One type of portable amplifier employed at churches, ball 
parks, and other outside locations is shown on the desk in Figure 
23. Double carbon button microphones are generally used, as 
many as eight being provided in the case of a large church. 
Figure 25 shows the amplifier and microphone switches at Cal- 
vary Church, Pittsburgh. Ап operator switches in the appro- 
priate microphone for various parts of the service. For semi- 
permanent installations, such as the Grand Theatre, condenser 
microphones and suitable amplifiers are employed. 


CONCLUSION | 

Itis believed that KDKA, as described above, is at the present 

time second to no broadcasting station in the world. In point 

of area covered, as shown by letters and telegrams received, 
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KDKA is regularly heard at night in all parts of the United 
States, in England, France, and Belgium. Several letters have 
also been received from South America and the Hawaiian Islands. 
The daylight range covers that part of the United States east of 
the Mississippi River. 


— № Zu | t 4 > 
Figure 25—Amplifier and Microphone Control Switch at Calvary Church, 
Pittsburgh 


The future of radio broadcasting as a public service depends to 
a large extent upon the quality of programs and of reproduction, 
together with the reliability of the transmitting stations. With 
the equipment described above it is believed that the service 
rendered by КОКА is a step in the right direction. 


SUMMARY: The three transmitting sets used at East Pittsburgh are 
described in detail, together with their auxiliary apparatus. 
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ON OPTIMUM HETERODYNE RECEPTION* 


By 
Е. V. APPLETON, М.А., D.Sc.. 


AND 
Mary TAYLOR 


(CAVENDISH LABORATORY, CAMBRIDGE) 


The reception of continuous-wave signals is nowadays car- 
ried out almost exclusively by the heterodyne method. In the 
ordinary applications of this method two oscillations are pro- 
duced in the receiving assembly, one the result of the continuous- 
wave signal and the other by means of a local generator of con- 
stant frequency. Тһе frequeney of the local generator is so 
adjusted that the difference of local and received frequencies 
is well within audible range. If the receiving assembly were such 
that the effects of both local and received electromotive forces 
were strictly proportional to their magnitudes, that is, if the 
relations thruout were linear, the two oscillations would produce 
beats of audio frequency, but these would provoke no telephone 
response since the carrier wave would still be of radio frequency. 
It is only when the action of the receiving assembly is non-linear 
that the two oscillations give rise to a combination tone of fre- 
quency (п, = п), equal to the difference of the two component 
frequencies n; and ns. This combination tone gives rise to the 
telephonic signal. It may also be noticed, in passing, that the 
production of a combination tone of frequeney (љу = лә) is neces- 
sarily accompanied by the production of a radio frequeney eom- 
bination tone of frequency (nitne). 

Helmholtz's theory of combination tones is thus directly ap- 
plicable to our problem with this difference that, whereas in the 
systems he considered, the non-linearity occurred in the restitu- 
tion forces, in the heterodyne problems we are considering non- 
linearity is introduced by the use of resistances which do not 
obey Ohm’s law. Resistances commonly used for this purpose 
are the contacts of dis-similar crystals or vacuum tube devices. 


*Received by the Editor, November 10, 1923. 
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Іп radio practice there are two methods of carrying out this 
production of combination tones. In one of these the generator 
producing the local oscillations is distinct from the detector cir- 
cuit (separate heterodyne). In the other method the local oscil- 
lation is generated in the receiver itself and the non-linear prop- 
erties of the latter are to a certain extent determined by the 
amplitude of this oscillation (autoheterodyne). Only the former 
of these methods will be considered here. 

The practical advantages accruing from the use of the separ- 
ate heterodyne method are well known, but to a certain extent 
practice has outdistanced theory. The chief relation of both 
practical and theoretical interest is the dependence of the ampli- 
tude of the combination tone on the amplitudes and frequencies 
of the component oscillations. The practical results in this con- 
nection were first obtained by E. H. Armstrong! whose experi- 
mental curves showed that the magnitude of the combination 
tone reached a maximum value as the electromotive force in- 
duced in the receiver from the local generator was increased. 
The ratio of the maximum amplitude of combination tone 
(optimum heterodyne) to that obtained when the received and 
local amplitudes were of equal magnitude (equal heterodyne) 
was found to depend on the signal strength, being sometimes as 
high as 55. Armstrong’s results were thus at variance with the 
theoretical treatment due to Liebowitz,? whose work suggests 
that the greatest amplification obtainable by the use of the hetero- 
dyne method should be four times that obtained without hetero- 
dyne. The theory developed in the present paper shows that 
Armstrong’s results are to be expected if the non-linear theory 
is properly applied and suggests other results which agree with 
data obtained experimentally. 

The quantitative results of Armstrong? were obtained using 
cumulative grid rectification, but the optimum heterodyne 
phenomenon is to be found, tho sometimes not so marked, when 
anode rectification is used. We shall therefore deal with the 
quantitative aspects of both methods, but, since it happens that 
both the physical phenomena and the analysis are somewhat 
simpler in the case of anode rectification, we shall deal with that 
method first. 


1 PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 5, page 
145, 1917. 

% PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 3, page 
185, 1915. 

3 Previous citation. 


A—ANODE RECTIFICATION 


The most direct method of using the triode for the produc- 
tion of combination tones is that in which the electromotive 
forces due to the local and received oscillations are impressed 
between the grid and filament of the tube while the presence of 
the combination tones is indicated by the response of a telephone 
receiver Тіп the anode circuit. (See Figure 1.) 


FIGURE 1 


Recognizing the fact that combination tones in the telephone 
are only produced when the relation between the grid potential v 
and the anode current 7, is non-linear, let us assume that the 
relation between these quantities may be represented by a 
power series thus: 


ta=aotarthv+yutev'+ ---. (1) 

Let us represent the magnitudes of the local and received 

oscillatory electromotive forces by asin« and bsin crt, re- 

spectively. Thus if we choose as our origin of time the instant 
when the two oscillations are in phase we have 


v=asinw,t+bsinwet (2) 


To find the amplitude A of the combination tone of angular 
frequency (wı— в») we must substitute the expression for v from 
(2) in (1), and, after expanding the expression for ia as a Fourier 
series pick out the terms involving sin (чл — ез) t and cos (ол — ді. 
Ondoing this itis found that only theeven terms (e.g., B v?, o v*, $v, 
and so on) of (1) contribute to the expression for A. Thus if the 
power series is limited to the first three terms we have 


A=Bab (3) 
while if it is limited to five terms we have 
A=Bab+28ab (a?-+b?) (4) 


and so on. 
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If the triode is such that its characteristic may be represented 
by the first three terms of the power series we see from (3) that 
the stronger we make the local heterodyne oscillation the stronger 
becomes the combination tone, and thus no optimum effects are 
to be expected. With normal triodes, however, the electron 
emission from the filament is limited, and the anode current 
tends to saturation values as the grid potential is increased. 
Thus a three-term series is obviously inadequate. If a five-term 
series is used for 74 we find, on differentiating (4) with respect 
to a, that A passes thru a maximum value when 


a?#=ao?=—--=—- (5) 


For the combination tone to pass thru a maximum value as 
the magnitude of the local oscillation is increased it is thus seen 
that В and à must have opposite signs. An examination of the 
characteristics of typical triodes shows that this condition is nor- 
mally fulfilled, В being positive and д negative. Thus, іп gen- 
eral, we sce that for anode rectification there is an optimum value 
of the combination tone for a particular value of the electro- 
motive force impressed on the receiver by the local oscillator and 
that this optimum local electromotive force depends on the char- 
acteristics of the triode and also, to а certain extent, on the mag- 
nitude of the signal electromotive force. 

In view of what has just been said with regard to the sign of 
В and біп (1) we shall, to avoid confusion, rewrite it as follows 

la —0od-av--B v^ y i at n. (1A) 
The equation (1A) will be used in the remainder of the paper. 

The optimum value A. of the combination tone may be 
obtained by substituting for a? from (5) in (4), but the results 
are simpler if an approximation, consistent with the conditions 
of actual practice, is first made. Thus in a normal case the local 
oscillation amplitude a is usually large compared with the signal 
amplitude b and thus we may neglect b? in comparison with a’. 
From (4) and (5) we find in this way 


28 
о = - - 5A 
93 (5A) 
and 
3 
As=b(Ba 30a) (6) 


The practical significance of these results may be stated in 
words as follows: 
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(5a) The magnitude of the local oscillation for optimum 
heterodyne is independent of the strength of the received signal 
if the latter is small. This is in agreement with Armstrong’s 
experimental data.‘ 

(6) The magnitude of the combination tone or signal is directly 
proportional to the strength of the received signal oscillation 
when the strength of the local oscillation has been adjusted for 
optimum heterodyne. 

To get an idea of the magnitude of the quantities we are 
dealing with it is necessary to determine the values of В and ò 
in (1A) for a typical case. To determine these from the ordinary 
triode characteristics is a laborious matter, and a simpler alter- 
native method has been devised. If we apply a sinusoidal elec- 
tromotive force between the grid and filament of the tube and 
note the relation between the amplitude a of the applied electro- 
motive force and the mean anode current т, we obtain a char- 
acteristic from which the values of В and ò may be more directly 
deduced. For from equation (1A) we see that when vis equal to 
a sin wt we have 


la 9 8 оа", 
ап expression not involving а, У, =, and soon. Such a mean current 
characteristic illustrating the relation between |а and a for a 
triode is shown in Figure 2, from which it is obvious that В and ? 
as defined in (1A) are of the same sign. On the same diagram is 
shown an analogous characteristic for a ervstal detector in which 
the mean current 7 thru the detector is shown as a function of 
the amplitude of the sinusoidal electromotive force across the 
detector. The characteristic is seen to be very similar to that of 
the triode. Both relations were determined experimentally, using 
low frequency electromotive forees derived from a resistance 
potentiometer. 
The mean current characteristie of the triode is Seen to have 
a point of maximum slope at Z. The appropriate value of a for 
this point may be found from (7) by differentiating twice with 


Ваз 3. 4 (7) 


d la . 4 
respect toa. Thus iq P? maximum when 
da 


We note, however, from (5A) that this is the value of a for 


_ ‘Armstrong, previous citation, Figure 4, page 152. See also Austin and 
Grimes, "Wash. Acad. Sci," March 19, 1920. 
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optimum heterodyne and we thus see that when the received 
signal is very small the value of the local oscillation amplitude 
should be adjusted to the value represented by OX, where the 
slope of the mean anode current characteristic is à maximum. 

Іп a case where the reccived signal is not small the more 
accurate formula must be used, the optimum value of a being 
given by (5), and the corresponding amplitude of the combina- 
tion tone by (4). 


FIGURE 2 


It is a simple matter now to state exactly how sensitive 
heterodyne reception really is. For example, if the signal is small, 
we see that the current of the combination tone deduced from 
(5A) and (6) is given by 


tm 2 Ва, 
“Lo = lo 1 
з ( ) 


or sas 22 E b (9) 
0 gee 


On substituting the appropriate values of В and 0 for the 
eharaeteristie of Figure 2 (triode) we find that 
Ao=6.5X 107-7 т.а. per signal volt. 
To illustrate the extraordinary sensitivity of the heterodyne 
method when the local oscillation amplitude is adjusted for 
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optimum conditions, we may compare the optimum value of the 
combination tone with that obtained in the case of equal hetero- 
dyne when a is equal to b. It will be seen later that such a com- 
parison is in effect a true comparison of the sensitivity of a triode 
receiver for continuous-wave signals and spark (or completely 
modulated wave) signals, since the signal strength obtained with 
equal heterodyne is equal to that obtained with spark or modu- 
lated wave signals of the same intensity. From (4) we see that 
the amplitude of the combination tone (Ас) for equal heterodyne 
is given by 
Ас-ВЫ-3%5 
or, when b? is small by 
Ag — Bb? 
We thus find that "M 

ET 22 2 ‘ 1 (11) 

Ақ 9 д b 
from which it is seen that the advantages accruing from the use 
of the optimum heterodyne method are more marked the smaller 
the received signal. To give definiteness to this statement we 
have calculated the ratio of the optimum heterodyne signal to 
that obtained with equal heterodyne (or spark or modulated 
wave signal) for a triode and various strengths of received signal. 
These are tabulated below. 


Formula 


(volts)? 


т.а. 
(volts) 


$ Compare Armstrong’s experimental results, previous citation, Figure 2, 
page 149. 
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The amplification obtainable by the use of optimum hetero- 
dyne may thus be enormous. 


B—CuMULATIVE GRID RECTIFICATION 


As this method of rectification has not previously been the 
subject of a complete quantitative investigation we propose to 
deal with the matter fairly thoroly. The main experimental 
features of this method are that a condenser of small capacity 
. is inserted in the grid circuit of a triode assembly while a high 
resistance leak is connected in parallel with the grid-filament 
path. (See Figure 3.) High frequency (radio frequency) poten- 
tial changes are applied between the points A and B while the 
resulting low frequency (audio frequency) effect is detected in the 
anode circuit. Тһе low-frequency effect may take the form of a 
diminution of the mean anode current, in which case some form 
of automatic recorder is used, or it may take the form of the pro- 
duction of combination tones by a telephone inserted in the anode 
circuit. 


FIGURE 3—Showing Fssential Features of Cumulative Grid Rectification 
Circuit. X 13 Automatic Recorder or Telephone 


Let us denote the high-frequency electromotive force ap- 
plied between A and В as Е, and let the grid potential and 
grid current be denoted by v and 7,, respectively. Let also the 
current thru the condenser C be denoted by : and that thru the 
resistance by и. The expression of Kirchhoff's laws is therefore 


se Rim E- fiat (12) 


C 
and 1=141, (13) 


Let us assume that the relation between the grid current and 
grid potential is not linear but may conveniently be expressed in 
the form of a power series thus 


=) (г) = ше В+ +... (14) 
where a, Ki, *;, and во оп, are constants for the particular 
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triode, filament temperature, and anode voltage used. It may 
here be noted that we are neglecting the small and constant cur- 
rent which flows thru the grid circuit and the resistance R, and 
which would be represented by a constant term in the expression 
for 7g. If, however, we take as the zeros of current and potential 
those existing in the absence of signals, the expression (14) may 
be regarded as generally valid. 
The result of eliminating i, 1, and т, from (12) and (13) is 
4: flr), v dE (15) 
— м = - = - —— 9 ‹) 
а! С CR dt 
a differential equation of a generalized Riccati type which rep- 
resents the action of the grid condenser. The approximate solu- 
tion of this equation when Е has different forms, representing 
different types of impressed signal, must be investigated. For 
examples we shall consider the following cases of practical im- 
portance. 
(1) The reception of continuous waves without heterodyne. 
In this case the impressed force between the points A and В is 
sinusoidal and we thus write 
E = sin wt (16) 
(2) The reception of modulated continuous waves. In this 
case the alternating electromotive force of angular frequency w 
is modulated with an angular frequency p and we write 
E —b (1-2- sin pt) sin et (17) 
(3) The reception of continuous waves by the heterodyne 
method. In this case the impressed electromotive force consists 
of a received signal of angular frequeney ао» and a constant and 
local oscillation of angular frequency wi. Thus 
E =a sin wt +b sin aot (18) 
We shall consider these three cases in the order mentioned, 
and, as a first approximation, we shall limit the power series of 
(14) to the first two terms which are sufficient to enable us to 
explain the outstanding physical phenomena. 


RECEPTION OF ConTINUOUS WAVES WITHOUT HETERODYNE 


In this case the representative differential equation becomes 
(See (14), (15), and (16)) 


d 1 - 
reet e)e ^t =b qwcos wt (19) 
Let us suppose, as is usually the case in practice, that the 
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term involving 8 is small, апа that, as a first approximation, it 
may be neglected. Omitting this term the solution of (19) for 
the steady state is 


$) 


where {ап ¢= n , and q= T + a. 
q R 


On substituting this value for v in the non-linear term in- 
volving В, in (19) the approximate representative equation takes 
the form 

у " b? w? 


= 25. үй, - i14-cos 2 (wt—¢)} =b wcos wt. (20) 
‘ ; q* 
w +б» 
The solution of (20) for the steady state consists of three parts 
3 [ 0? о? 
(1) а constant term v= — ^ -- о 
244 2147) 
«+ С? 
(2) a term of angular frequency w given by 
bo р 
r= 7, — соз(ші--%), 
ort 2; 


and (3) a term of angular frequency 2w the magnitude of which 
is proportional to f. 

The first of these is of special interest, for it shows that, when 
a sinusoidal electromotive force is applied to the assembly, the 
mean grid potential is reduced by an amount proportional to the 
square of the amplitude of the applied electromotive force. This 
reduction of mean grid potential produces a diminution of mean 
anode current by means of which the presence of the high fre- 
quency signal is detected or measured.§ 


RECEPTION OF COMPLETELY MODULATED WAVES 
In this case the representative equation is (See (14), (15), and 
(17)) 
- T 0 = р. 
ан 55 + () COS wl— m SUN (ш —p)t 


дё P ? sin (w+p) ] (21) 


6 Compare Moullin, “Wireless World," volume 10, page 1, 1922. 
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Since the.term involving В, is small the first approximation 
to the solution of (21) is given by the solution of 


dv, wp. 
77 +1 „=Ь |в cos - = P sin (ө-рді 


С 
atp 


to 


sin (wtp) | (21А) 


For the steady state this solution is 


h w C ӘС 
v= ———— cos(et—ian-! - 
МЕС? о? 4 


_ oC (ор) пп | —p)t—tan-! S cn d 
2 V q EC DES 


С (wtp) 
i =L 1 
„èC в о" | (w+) tan- 4] e 
2 v/q*4- C* (op)! 
But in actual practice, as will be shown later, we have 
C wq 
and 
0 >р 


Thus (22) may be written approximately 


: v=b С (w= p)t о cos (w+ p) ] (23) 


Оп substituting for v from (23) in the term involving f in 
D we obtain 


DEP ТЕЕ cos 2 wt+ | сов? (o — p) + соз? (өр)! 
+sin pt+ ; sin (2w—p)t— : sin(2w+p) t 


- 0 2 wt 1 cos? Д 


=b |: cos wt — тыс sin (w—p) t+ ore sin (w+p) ] (24) 

From this we may sce that the — in the grid potential 

of signal frequency, which is the point of special interest, is found 
from the equation 


В, b а 


3j с шы sin pl (24A) 


di C C 
Its amplitude А is therefore given by 
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um (25) 


Thus we see that, «сс to the action of the grid condenser, 
a completely modulated wave gives rise to a low-frequency grid 
potential variation of amplitude given by (25) which, causing 
corresponding changes of anode current, gives rise to telephonic 
response. This amplitude is equal to that obtained with equal 
heterodyne. (See (29) and (29А) later.) 


RECEPTION OF CONTINUOUS WAVES BY HETERODYNE METHOD 


In this case the representative equation becomes (see (14), 
(15), and (18)) 


P + 7 v+ 2 v? =a w cos wt +b сб» cos wrt (26) 
( 2 


If again we omit the В, term a first approximation of (26) 
is given by the solution of 
dv 


i + a г = а ал COS wi t+b w: cos wet: (26А) 


For the steady state this is 
a (171 b (0» 


r= ` = cos (и Ё-Ф)+ , ——— cos (wst— ф.) 


9 
- 


w? + e \ + a 
С „| С (0? 
q 


( 
where ѓапф, = - and іал Фф, = 
4 


We may write this 


t =r Cos (w t —¢,) + $ cos (өз t — 9») 


(1 wy b we 
where r= | ^o =~ and 8= 7 =. 
4 q^ 
2 9 
Qi, (027 = 
NU T e Nus T 
Thus for substitution in the original equation we have 


Rd 
- 


1 
б 
) 


| КЕ cos 2 (о t—$,) +8? cos 2 С { —$:) 


+2 rscos | (ол — о.) t+, — ф. | +2 rs cos i (ия оз) t—9, ый | 
4 
The solution of (26) when the substitution for v? has been 


made will be of the form 
v=M +r cos (ол —Ф,) +8 cos (өзі-фФ:)-ЕВ cos 2 (ал (-фі) 
+C cos 2 (est — Ф) +D cos {| (ew — өз) t+} 
+E COS | («л + ©) t+} (27) 
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where A, B, C, D, bi’, $2’, ф, and V аге constants depending оп 
the constants of the circuit and on а, b, ал, and а. 

For practical purposes interest centers in the constant term M 
which represents the alteration of mean grid potential, and in 
the coefficient D which gives the amplitude of the grid potential 
variation of the signal angular frequency («wi— w). These are 
found to be as follows 


2472 2 2 
Б, (: = я с Es ) (28) 
2qNq-FC?*w? GHC? ав? 


апа Me DEC at 


шш 


С 2 сл аж 


3 PX CENE г 225 22 — -- 9 
q*--C р (ал эшш (2)? V+ * (A^ № +0 2 wes? ( 9) 


The presence of the received amplitude b may therefore be 
detected as an alteration of mean anode current produced by 
the alteration of mean grid potential W, or by an alteration of 
anode current of angular frequency (ол — о), caused by the low 
frequency variation of grid potential D. It is the latter variation 
of anode current which gives rise to the well-known heterodyne 
note in the anode circuit telephone. 

In considering the physical processes underlying this method 
of producing combination tones we note that the grid condenser 
performs two functions. In the first place it hands on the poten- 
tial changes to the grid, while in the second place it effects a 
partial insulation of the grid so that the potential across it is 
sensibly the same as the grid potential itself. So far as the first 
function is concerned it is advantageous to have the grid con- 
denser as large as possible, but consideration of the second func- 
tion shows that a verv large capacity would tend to smooth out 
the grid potential low-frequeney changes. "There must, therefore, 
be an optimum grid condenser value determined by the fre- 
quency of the oscillations (2 z ол or 2z ws), by the combination 
tone frequency (Әл(ол-а»)) and by the triode and circuit 
parameters. "This value is found by differentiating the expres- 
sion for D with respect to C, the result being that? 

Com MAS 
E w (ал =, We) 

It is of interest to compare this optimum value of C with 
the value usually used in practice. As typical practical values 
we may use 

q=1.8 10-5 (ohms) =! 
в = 108 (secs.) -! 


7 We have here assumed that «0,2 (0, = (0. 
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апа а — 0 = 2 т (1,000) (secs. ) = 


The theoretical value of C,,, is thus 0.003 mfds., which is 
in close agreement with the value normally used. 

We may further note the following useful approximations.’ 
Since it is usual to work with the optimum condenser value we 
have 


C= _М2‹4_ 
w (w1— we) 
Also oe <1 
о 
and thus- C wq 
and C (ол — оӊ) Kq. 
Using the above approximations (28) and (29) may be written 
= 1 Bi 2 2 | 
апа D=-— Е ab. ‘ (29А) 


We thus see that as a first approximation the amplitude of the 
low-frequency grid potential changes produced by grid condenser 
action is proportional to the product of the received and local 
signal amplitudes. If the relation between the grid potential 
and the anode current is linear, the amplitude of the combination 
tone produced is also proportional to the same product. This 
result may be compared with the first approximation made in 
the case of anode rectification, where a similar result was ob- 
tained. (See (3)). A further investigation (the algebra of which 
is too lengthy to be given here) shows that the parallelism be- 
tween anode rectification and cumulative rectification is quite 
complete, in that, if the power series (14) for 7, contains a 6 term, 
an expression of a type similar to (4) is obtained. Thus optimum 
heterodyne effects are possible with cumulative grid rectification 
if the power series for 7, contain a negative 6 term. 

But when the relation between the grid potential and anode 
current is not linear, as is often the case, optimum heterodyne 
effects are obtainable which have no parallel in the case of anode 
rectification, and we now proceed to discuss such cases in greater 
detail. 

Let us assume that the relation between the anode current 
and grid potential may be written as before 


ig=avt+B е, (1) 
* Some of these approximations have been previously used. See page 13 
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where the zeros of potential and current are the values obtaining 
in the absence of local and distant signals. In the presence of 
such signals the value of v is given by (27), but so far as the pro- 
duction of combination tones is concerned the important terms 
are given by? 

v— М +а sin wt+b sin wst-- D cos | (wi — а) t |, 


where M and D are given by (28А) and (29A). 

On substituting this value for v in (1) and collecting terms 
of the angular frequency (wı— а») the amplitude A of the com- 
bination tone is found to be given by 


8 2 

даб | B (аы) (30) 
Thus when the value of В is positive the amplitude of the com- 
bination tone of angular frequency (:—@,) passes thru a maxi- 
mum value as a the amplitude of the local oscillation is increased. 
The optimum value of a is given by 


1 Е «Bi —q B) zl 
3| BBY 


In practice the values of b are very small compared with those 
of a. The optimum value of a is thus independent of b and 


given by 
2-14 (а 8-48) 
а -Ц 8 Bi (31) 


The value of В is usually positive in practice when low anode 
potentials are used, so that optimum heterodyne phenomena 
due to the combined non-linear properties of the grid and anode 
circuits are obtained. With larger values of anode potential, 
however, the value of В is sometimes negative in which case the 
above considerations do not apply. For such conditions the 
effects of anode rectification and cumulative grid rectification 
are additive and not in opposition. Тһе study of such cases 
would most probably be profitable from a practical point of view. 

To illustrate the optimum heterodyne phenomena mentioned 
above the mean-current characteristic representative of grid 
condenser action in а typical case is shown in Figure 4. "This 
diagram shows the variation of the mean anode current т, as a 
funtion of the amplitude of a sinusoidal electromotive force 
(E =a sin wit) and may be compared with Figure 2 which is the 
equivalent characteristic for anode rectification. 


кі. approximations previously mentioned (page 17) have here been 
used. 


a 
ым 


а 


— 
— 


291 


FIGURE 4 


In this case the solution of (20) for the appropriate value of 
E is 
v=— Ba? 24 +a cos (w,t—) +F cos (2 4-у), (32) 
where F is proportional to wi? and Cwi>q. Substituting this 
expression for v in (1) the variation of the mean anode current 
ia becomes 
ee E m Е "TE rero) (33) 
Here F? may be neglected since it is of the order В,*. The value 
of т has a turning point when 


е-е) € 


For real values of a it is, therefore, necessary that а B1» 48, 
and in this case the mean anode current passes thru a minimum 
for increasing a; it is initially diminished. 

The value of a at the turning point depends on the triode 
characteristics and the value of the grid leak R. In the actual 
case represented in Figure 4 the values of the triode parameters 
were independently found to be 


m.a.. m.a. 
a, = 0.017 т В, = 0.013 (б ats 
т.а. 
=0.013--_ —; a 
a=0.013 © B =0.02 est 


Е.--106 ohms, and thus g=0.018 Tr 
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Substituting these values in (34) theory indicates that the value 
of a at the turning point should be 2.02 volts; the experimental 
value was 2.05 volts. | 

The slope of the (a, 2.) curve is à maximum when 


jd 4! (44. ) 

3 вва о ey) 
This is the same value of a as that given by (31) for the value 
of the local amplitude when optimum heterodyne effects occur. 
We thus see that the appropriate value of a for optimum hetero- 
dyne reception may be found by drawing a curve such as that of 
Figure 4 for the particular triode in question and finding the value 
of the applied emf. at the point of maximum slope. Zero combina- 
tion tone effects are obtained if a has the value given by (34) for 
the turning point of the curve. 

It will be further noticed that for continuous wave reception 
without heterodyne the maximum anode current response is 
given by a signal of strength given by (34) and that for a signal 
very much stronger than this the response might be negligible. 

In conclusion we should like to express our gratitude to Dr. 
B. van der Pol for his kind interest in this work. 


SUMMARY: The use of the triode for anode rectification and cumulative 
grid rectification in heterodyne reception is investigated theoretically, and it 
is shown that:— 

(a) The amplitude of the combination tone produced in a radio receiver 
telephone reaches an optimum value for a certain value of the local oscillation 
amplitude. In anode rectification this phenomenon is due to the non-linear 
nature of the grid potential/anode current relation, while in grid condenser 
action the phenomenon may be due either to the non-uniform grid conductance 
or to the combined non-linearity of the relations between grid potential and 
grid and anode currents. 

(b) The optimum value of the local oscillation amplitude is independent 
of the received signal magnitude when the latter is small. 

(c) The magnitude of the combination tone is directly proportional to 
the strength of the signal oscillation when the local oscillation has been ad- 
justed for optimum heterodyne. ' 

(d) The ratio of the optimum value of the combination tone to that pro- 
duced with equal heterodyne is inversely proportional to the strength of the 
received signal. 

(e) The differential equation representative of grid condenser action is 
shown to be of a generalized Riccati type. 


= 0) =Ф0). 


Approximate solutions of this are obtained for practical cases. The 
optimum grid condenser value obtained theoretically in this way is in good 
agreement with the practical value. 
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SIGNAL-TO-STATIC INTERFERENCE RATIO IN RADIO 
TELEPHON Y* 


By 
Marius LATOUR 


(Paris, FRANCE) 


Having read Dr. J. R. Carson’s communication which ap- 
peared in the June, 1923, issue of the PROCEEDINGS OF THE IN- 
STITUTE OF Rapio ENGINEERS, I desire to add the following 
material: 

I have previously proposed to carry out radio telephony with- 
out carrier transmission and thereby implying homodyne re- 
ception! But I believe that I have since then found an arrange- 
ment which is paramount from the all-important point of view 
of signal-to-static ratio, and which might advantageously be 
used in case of shorter waves where homodyne reception is 
practically impossible, and where the speech frequency repre- 
sents a relatively much smaller fraction of the wave length 
spectrum. 

The speech voltages occurring at the secondary terminals of 
a telephone induction coil being of the shape represented by the 
curve of Figure 1, a radio telephone transmitter antenna is 
traversed by a radio-frequency current which, whilst having an 
amplitude which is constantly modulated proportionally to the 
speech voltages, is of a certain frequency f; during positive 
speech impulses and of a different frequency f; during negative 
speech impulses. These results may be arrived at by means of 


алд 
WY WY Y 


FIGURE 1 


the arrangement represented schematically in Figure 2. The 
primary current variations produced by the action of the micro- 


* Received by the Editor, August 3, 1923. 
1 See my French patent, number 21.853 512,395 of 1916. 
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phone 1 are amplified by the vacuum tube amplifier 2, which 
comprises an input transformer 3 and an output transformer 4. 
The speech voltages thus amplified are used to supply the gen- 
erating tubes 5 and 6 according to the arrangement of Figure 2, 
aiming at straight alternating current supply of vacuum tubes.” 
Tubes 5 and 6 work alternately. The waves successively emitted 
by each tube may be made to have different lengths by different 
grid or plate circuit settings which we will not here describe. 


FIGURE 2 


Instead of sending the radio-frequency current directly into 
the antenna, we may, of course, insert a radio-frequency power 
amplifier between the arrangement of Figure 2 and the antenna. 

With the above system of transmission, the reception could 
be carried out in accordance with the arrangement shown in 
Figure 3, which is in itself a means of reducing static inter- 
ference.’ 


FIGURE 3 


It may be seen that, from the point of view of detection of 
static-provoking shock excitation of the receiving circuits, the 
two circuits being tuned to different wave-lengths are in opposi- 

2 This is the object of my French patent numbers 502, 601 of 1915 

3 бее my French patent, number 526,674. 
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tion to each other, while, from the point of view of speech гесер- 
tion, the two circuits work alternately but concurrently. 

The power supplied to the antenna is not higher than that 
in carrierless transmission using homodyne reception. 

From the point of static, it must be borne in mind that the 
introduction of a carrier-wave either at the transmitting end or 
at the receiving end, which is inherent to ordinary radio telephony, 
is apt to double the intensity of static currents susceptible of 
having the same frequency as the carrier wave and occurring 
sometimes in phase and at other times in opposition to the latter. 

The method just described of transmitting and receiving 
without carrier wave does not possess this drawback. 

Paris, July 24th, 1923. 


SUMMARY: Referring to Dr. Carson's paper on ''Static-to-Signal Ratio," 
the author discloses a system of twin side-band radiotelephonic transmission, 
wherein the carrier component is suppressed, but which differs from other car- 
rierless transmitting systems in that a homodyne receiver is not required. 
This last peculiarity makes the system particularly suitable for short wave- 
length transmission and especially soin view of the fact that the disadvantage 
of broader wave-length spectrum inherent to twin side-band transmission van- 
ishes as the wave-length decreases. 
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REGENERATION IN COUPLED CIRCUITS* 


By 
E. Leon CHAFFEE 


(ASSOCIATE PROFESSOR OF Puysics, HARVARD UNIVERSITY, CAMBRIDGE , 
MASSACHUSETTS) 


Part I 


SINGLE CIRCUIT REGENERATION 


It is well known that a vacuum tube, regeneratively connected 
to a single circuit, acts to reduce the effective resistance of that 
circuit. At the same time the effective reactance is usually 
altered. This reduction in effective resistance is often spoken 
of as due to the introduction of a negative resistance by the tube. 
This effective negative resistance may or may not be a function 
of the frequency. When the total effective resistance is equal to 
or less than zero the circuit oscillates. 

The analytical discussion of single-circuit regeneration is given 
below. There are two cases according to whether the oscillating 
element is in the plate circuit or in the grid circuit of the 
tube. 


Case I. Овсіш,Атімс ELEMENT IN PLATE Cincurr. In 
Figure 1, let L, C, and R be the constants of the oscillatory cir- 
cuit, L the grid circuit inductance and m the mutual inductance 


д | 
between L апа L,. Let R,— А be the plate to filament resistance 
D 


and p= 2 be the amplification factor of the tube. Тһе cur- 
2 


rents are indicated in Figure 1. Let Е be the effective value of ап 
emf. of frequency Е induced іп L from an external source. The 


following complex equations express the conditions in Figure 1. 
The grid current is assumed to be negligible. 
Quantities in Clarendon Type are complex. 


*Received by the Editor, February 15, 1924. 
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С) 
J IL + R, I =. E =jemwl, 
( (0 
I, - I,-- Г 


FIGURE 1 


The solution of these equations is 
Г = 
(1-1) Ciao. C 1 С 


Lon PN К+ 
Cor 
An examination of equation (1-1) shows that the effective or 
; | pm 
equivalent resistance is decreased, due to the term ~ "L and will 


be zero И 

(1-2) РОМЕ Ша ү, ) CR LA 
( C? c. C^ 

at which point oscillation commences. The effective capacity 

reactance is Increased as shown by the imaginary part of equa- 

tion (1-1). 

Equation (1) and subsequent equations are much more gen- 
eral and hence of greater use if all constants of the circuits are 
reduced to coefficients and all angular velocities or wave lengths 
to ratios of angular velocities or wave lengths. Ву this reduc- 
tion the equations ean be more easily applied to any circuit. To 
this end the following definitions are made. 


(Йо . А (U 
Let bea particular frequeney to which any frequency 5 
5 А В . . (По . О A Д 
шах be referred in the form of a ratio —. The ratio — => will 
7) (о “о 
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Ц . 
^ may be substi- 


be denoted by 0 so that for « in all equations н 


tuted. 


ол а» 
If 2- and 2- 


represent the natural undamped frequencies 


| —- Uo . 
of oscillation of two circuits, then о will be denoted by 0; and 
(01 


беру 0,, respectively. It is then obvious that 
(02 


À w "e Ж” MEN 
1 у /9 Y 
0, = = wor/ Ly С, апа 9, =_= — = о Le Co, 


Ao w (о а» 
The following coefficients are here defined; others will be in- 
troduced later when required. 


R Е, т т р 
= =» == К, as 
L (170 7, [ шо di \ шқ 


Using the above ratios and coefficients, equation (1-1) reduces to 


(1-а) 


E 
I = L wo 
s ro — 
(1-а) „Кб forge 7, 0 +p A 
[== SMuc 4n i pegu—————— дың 
A 0 ур? Ot +0? 


In all practical cases 6?<y,? 6,4, so that (1-а) further reduces 


to the approximate expression 


Г = 7 L. 
2204 — 
(1-b) Des Р күр Ө? J n? H K Ө? Tay 


/ PER ; = s и : — 
ур i” pei 0 8,2 Lp "SNL | 


This expression gives the variation of J; as the circuit is 
tuned by varying C, the incoming frequency remaining constant, 
or the variation of 7; as the incoming wave is varied and the cir- 
cuit constants remain fixed. In the first case O, is the variable 
and 0 is constant at say the value 1, in which ease the incoming 
wave has wave length 2. In the second case, O is varied while 4, 
remains constant at any chosen value. 

Since the arrangement of circuits shown in Figure I is seldom 
used for receiving purposes this equation will not be further 
investigated. 
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Case 2. OSCILLATORY ELEMENT IN GRID Circuit. In this 
case the oscillatory element is in the grid circuit, a more usual 
case when the tube is used as a detector or amplifier. 


L, 


Ш 
+ + 


FIGURE 2 


Figure 2 gives the connections and the significance of the sym- 
bols. The circuit equations for this case are as follows: 


[eine 1) |т-уме1,=Е 
Coj. 


һе т 1+ (?2,--/ L,w)I; 2 E, = ae 
The solution is given in equation (2-1). j 
к т : pnm 
ET @ ee ee ашым "=, т! 
Rp +p? wt w? ” В+ ри? * Са 
[п this case, since ps is usually greater than m?w?, the effective 


resistance is reduced and the inductive reactance increased by an 
increase in т. The circuit oscillates if the effective resistance is 
made zero or negative. The condition separating oscillation from 
non-oscillation is 


рт 
— — т? w? 


R= epp 


In this case, as in Case 1, the expression for the current given 
in (2-1) сап be expressed in terms of coefficients as in (2-a) below. 


E 
T Ж 
| HKA: L M e NEC 
(акр. ж” NL, | т NE __ 
po mq Ub б ME ТРО | 


If, as is usually the case, 1<<ур! 0°, then (2-а) becomes | 
E 
I L (0o 


jh i ol 
1 
(2-b) | 7-01: Ы T | Ы 0? ур? 01: NL, уь? 0? 


Referring to equations (1-b) апа (2-b) it is evident that the 
most important resistance-reducing term is not a function of the 
impressed wave length 4, so that the reduction in resistance for 
any value of 0, is approximately the same for all wave lengths 
in the emission spectrum of а broadcasting station. This reduc- 
tion in resistance has roughly the effect of sharpening the reson- 
ance curve dependent upon the amount of regeneration, and it 
is this sharpening of the resonance curve which causes the dis- 
tortion of signals so familiar to users of the single circuit arrange- 
ments when regeneration is pushed to the limit. 

If all of the terms of the equations (1-8) and (2-a) be taken 
into account it is evident that the effective resistance is some- 
what a function of the impressed wave length 4. Тһе effective 
resistance may have slightly negative values for some wave 
lengths. For these wave lengths the system gives out power 
when electromotive forces corresponding to these wave lengths 
are impressed. Under these conditions the system is not an 
absorber but ап emitter for these wave lengths, while for 
other wave lengths power is absorbed. The field around 
the receiving antenna may, asa consequence, be distorted differ- 
ently for different wave lengths so that а neighboring receiving 
station might receive а distorted signal as а consequence of the 
activity of the first receiving station. This effect is, however, 
extremely small for single-circuit arrangements, but is of more 
importance when coupled circuits are used, as will be pointed 
out later. 

It is interesting to note that the regeneration terms do not 
in either Case 1 or 2 depend directly upon L, but do depend upon 
C. In most circuits used for the reception of radio signals, the 
tuning is accomplished by varying C and the regeneration ad- 
justed with m. Тһе maximum signal is obtained when the react- 
ance term is reduced to zero and the effective resistance reduced 
to as near zero as possible without oscillation. Both m and C 
affect both conditions, so that the final adjustment is obtained 
by alternate adjustments of m and C. 
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Part II 
THEORY оғ COUPLED CIRCUITS 


Before discussing the broader question of regeneration in 
coupled circuits, a brief review will be made of the familiar theory 
of forced oscillations in two oscillatory circuits having magnetic 
coupling. Let the two circuits have constants as shown in Fig- 


ure 3. Тһе impressed electromotive force Е has a frequency 2 - 


The complex equations (3) below describe completely the condi- 
tions of steady state oscillation of this system. 


eA 1+3 М а) L-E 
JM „+2 5-0 
where 


А-В w— - = Rı+j X: 
Ci w 


a= Reti( L v- о.) вх, 
Cow 


Solving these equations, the complex expressions for Ї, and Ё 

become 

Е Е E 
4 М? и? Ze В+] Xv 


(4-1) 


FIGURE 3 


where Z,» is the impedance of the primary circuit modified by the 

presence of the coupled secondary circuit, or, in other words, the 

impedance of the system as viewed from the primary circuit. 
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Кз and X.: are the resistance and reactance of the system as 
viewed from the primary circuit. 


p- IMoE _ -jMwE__-jMoE 
(5-1) 5 Z Z+M? а M? w? 7.7; 
ZZ Z 


Equations (4-1) and (5-1) can be written in the more general 
form using coefficients. 


E 
pz Li ws | 
2( 3. — 
(4-a) |+ -T 44 ўы ИВ а 2, 
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0? 72 62, 
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where T= VIS 


It is convenient to p use of ет таа that 18 


= В, апа 1— — В, 
Using these abbreviations (4-a) and ый become 
E 
(4-b) 1, = L, Qo 4 
ч 2 
жала аны 
Е 7 PT dtt 7, 0? - 8%, 
—jT9E 
(5-b) L- Bev Eds 


[1 0+] Bi] [2 04-j pBi| o т 

Equations (4) and (5) give the primary and secondary cur- 
rents for any adjustments of the primary and secondary circuits 
and their coupling. If the coupling between the two circuits is 
fixed, then X; and X; are the independent variables and the cur- 
rent can be plotted vertically against the variables X; and X; 
(or any other quantities upon which X; and X; depend), as the 
two horizontal coordinates. There is thus formed a curved sur- 
face bounding а space model. For any value of one of the inde- 
pendent variables there is a certain value of the other which will 
make J; or 1, a maximum ог a minimum. If, then, опе of the 
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variables is given successive values and the other is each time 
adjusted to give a maximum or a minimum value of the current, 
there will then result a ridge (if a maximum is obtained) on the 
representative surface of equation 4 or 5 lying vertically over the 
corresponding values of X; and X: which give the maxima. Such 
curved surfaces with these ridges are shown in Plate 1 for the 
secondary current 12. 

Since, in most practical cases, the value of the secondary 
current is of greater interest than that of the primary current, 
the shape of the representative surface for J, will be examined 
more in detail. The expression (5-1) may be written 


__ TIME -1МөЕ 
(6-1) Г, = 2 (2+9 a 7 2,2, 
2, 

L- —jJMwE 
ee 
М? w? Ri ( vA 

Z и ас. 
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where Z is the impedance of the system as viewed from the 
secondary circuit. Expression (6-1) can be written in terms of 
coefficients as follows: 


L= wo V Li 1 


: ; т?у 0 | т? В 
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It is apparent by inspection of equation (6-1) that if X, is set at 
some value, the value of X; which gives a maximum value of I; is 


(T1) y Mte? Xj 


Adjustment af 


R: -Х,? 
(7-а) В. = т secondary теасі- 
, 0 +8, S | ance to give 
тал. I, 


| maz. 1-2 line. 


The relation (7) gives a curve on the horizontal or X,- Xz: 
plane of the space model above which may be plotted the maxi- 
mum values of Г, obtained by first setting X, and then adjusting 
Xs. This locus of max. secondary currents is called max. 1-2 line, 
and its shape is independent of the value of the resistance of the 
secondary circuit. If, now, this value of X; be substituted in 
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(6-1), then as Xi is varied, X; is automatically given the correct 
value to give a maximum /›, and we follow along the ridge of the 
space model shown in Plate 1. Тһе maximum value of 7; is then 


—3 М о Е 


тах. І == 
_ | М? а? R 
(8 1) (R, +7 Xi) (R+ 1-6 т. m) Height af 
Р, +X d l "i 
-ітЕ бт e с. 
Se таг. > 
УАЙ La line. 
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Some value of X, will give the largest value of I, attainable 
(called the max. max. Г, represented by the highest peak of the 
ridge on the space model. If the complex expression (8) be dif- 
ferentiated to find the value of X; which gives this max. max. kh, 
the following roots result: 
(9-1) Хі-0 

M? w? R 'Hon; 
(9-2) RO BXS- 0" It ör conditions for 
_ В. = тах. тах. 1 
ІМ? ою? R; 

X eda – Кг 

Xi + +) Р, 1 
Ма? В, (gives imaginary 

Рр» value of Xj) 
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(9-3) ЁЕ?-+ЕХ,? = 


Root (9-3) gives an imaginary value of X,. Roots (9-1) and 9-2) 
give the same value of max. max. £L. if 


(10-1) M? w? = В, Rs or ] 


‘critical couplin 
(10-a) т* =: VERA ө? J £ У 


This latter relation divides the problem into two parts and the 
coupling which satisfies relation (10) is known as critical coupling. 
For couplings less than critical, root (9-1) gives the max. max. 
current, the value of which is 


са — JM wE 
тен dE R,RotM?2w? or) тах. тах. I, 
jr6 E when T < criti 
(11-a) max. тах. [› = М La Ls cal value 
41%20°T" 


For couplings greater than critical coupling root (9-2) holds. 
yielding a value for 1; given by (12) 
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This expression for 1; has a numerical value of 


(13-1) тах. тал. l, = ------- or тах. тах. I; 
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кенен „м value. Numeri- 

(13-a) тах. maz. I, = oov ДЕЕ cal value. 
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In constructing а space model of the secondary current, the 
ratio of the numerical value of the current to the numerical value 
of the max. max. current is used. This ratio derived from (5) 
and (13) is applicable to all cases above critical coupling and in- 
cluding the critical case itself. 


(14-1) 

lL 2M „УВ. Е: 

(14-а) : 23 ord, R:— LX, XÐ or pr>critical value 
| 2 OV уд у» 
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The corresponding expression for this ratio for coupling less 
than critical is obtained from equation (5) and (11), and is 


Е, Р, + М? a 
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In plotting the ratio given in (14) and (15), or any of the 
other relations, the independent variables В, and В: may be 
used instead of the corresponding quantities X, and Xs. On the 
other ee a better physical picture usually obtains if the quan- 

' 6; 
tities ~ and -: , or better 4 =z and я 3 are used ав coordi- 
(и 
nates. 

In studying the action of coupled circuits without regenera- 
tion it is usually simpler altho not necessary to consider that the 
impressed frequency is , making 0-і. 

а | 

The surfaces shown in Plate 1 to be described below are equa- 
tions (14) plotted with z and y as independent variables. 

If the coupling between two coupled circuits is less than critical 
coupling defined by equation (10), then the space model for the 
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secondary-current ratio given by equation (15) has а single 


maximum at values of the independent variables 


- 
—— = 


0 


B,20 ог Х,=0 or 


k, 


At critical coupling the space model has still a single pea 
the height of which is now unity. Plate 1, a and b, shows a cal- 


The height of this peak is given by equation (15). 
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culated model for critical coupling. Тһе peak has a peculiar 
If the coupling is greater than critical the space model has in 
eneral two ridges, each having a highest point of value unity. 


shape best shown by contour lines given in Figure 4. 
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f the coefficients are 


Two models calculated from specific values o 


f 


As pointed out above, 


shown in Plate 1, c and d, and e and f (c and d are two views 0 
if the secondary circuit is adjusted for a maximum current for 
successive adjustments of the primary circuit, a locus of points 


the same model and similarly e and f). 


Digitized by Google 


310 


on the horizontal plane will be found given by equation (7). Such 
loci are shown by the curve marked Max. 1-2 (meaning primary 
set first and then secondary circuit adjusted) in Figure 5 where 
the coordinates are В, and В», and in Figure 6 where the same 
curve is plotted against х and y. It is to be noted that since £i 
is a function of 27 and 6, of y?, all curves plotted to В, and В+ 


are symmetrical about the origin, but points for В, and 6, greater 
than+1 are imaginary. 
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FIGURE 5 


It can also be shown that if the reverse order of adjusting the 
circuits for a maximum ік adopted, that is, if the primary circuit 
is adjusted for a maximum secondary current for every adjust- 
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ment of the secondary circuit, a new 
given by the equation. 


curve will be obtained 


_ МХ, Adjustment of 
(16-1) Ху= Р, + Х.? о primary circuit 
г? В, for тах. Із. Мат. 
(16-а) В, = 7» T- Be? 2-1 line 


This locis is shown by the curve Max. 2-1 in Figure 5 and Fig- 
ure 6. The intersections of Max. 1-2 and Max. 2-1 lines shown 
at a a, Figure 6, gives the positions of the max. max. current, the 
coordinates of which are given by equation 9. (If p=0=7 
curves Max. 1-2 and Max. 2-1 resolve into the curves so marked 
in the figures. At critical coupling the two intersection points 
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a a of Figures 6 and 7 merge into a single point at the origin 
as shown in Figure 7. If 71-7, then these curves Мах. 1-2 and 
Max. 2-1 will be similar in shape and symmetrical about the 
45? line, but otherwise the two sets will be dissimilar as shown 
in the figures. 

The reason the two sets of curves are different according to 
the order of adjustment will be apparent if the shape of the sad- 
dle between the two peaks (Plate 1, c, d, e, and f) is considered. 
А card with its plane vertical and its lower edge horizontal and 
parallel to the y axis will rest on the surface at one point. If the 
card is now moved in the z direction this point of tangency will 
travel over the Max. 1-2 line. The Max. 2-1 line can be traced 
by the card placed at right angles to the y axis and moved in the 
direction of the y axis. 

For any particular coupling the highest peaks have definite 
coordinates. If, now, the coupling be changed, the two peaks 
will move along a curve gotten by eliminating the coupling from 
the two equations (7) and (9-2), giving 


(17-1) M = Y Or locus of peaks 
? 8. as coupling is 
(17-а) Т... B, changed 
уз 6 


This equation is plotted in Figure 6 for the particular value 

7, 

- -2 and for other values of у; in Figure 8. Тһе dotted line in 

/2 

Figure 8 gives the Max. I; line for г = % and is hence the limit of 

the peak loci. 72 
It can be shown that for all values of coupling the ridge along 


the saddle between the two peaks is directly above the curve of 
(17) for the appropriate value of n, 


72 

Attention is now called to the fact that if 7; is equal to уз 
the model is symmetrical with respect to the coordinate axes 
and the peaks lie over the 45° line, that is, over the line В, = В» 
orz=y. (See Plate 1, c and d.) If on the other hand 7, is not 
equal to 7 then the peaks are skewed around as shown in Plate 
l, e and f. In practice the primary circuit may be the antenna 
circuit and the secondary circuit of the present discussion the 
secondary circuit of a coupled-circuit receiver. In almost all prac- 
tical cases the decrement coefficient of the antenna circuit, due 
to the ground and radiation resistance, is many times that of the 
secondary circuit. Especially is this true when regeneration is 
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used in the secondary circuit. It is evident then that the space 
model of the practical receiver is very much distorted, even more 
so than represented by the model in Plate 1, e and f. 


FIGURE 7 


It is well now to examine, by means of these space models, 
the selectivity and tuning relations of a coupled-circuit receiver. 
If the circuits are adjusted to any point on the z y-plane and then 
the natural wave length of say, the primary circuit, is varied 
while a signal of constant wave length у = у is coming in, the 
variation in secondary current is given by the cross section of the 
model along a line thru the original point parallel to the x axis. 
Similarly а cross section parallel to the y axis gives the variation 
of current when the secondary circuit reactance is varied. If, 
on the other hand, the two circuits are fixed and the incoming 
wave length y is changed, the resulting variation of secondary 
current can be obtained from equation (14-а) or (15-a) by vary- 
ing 0, remembering that В, and В. are both functions of 0. If 4 
occurred nowhere in these equations except in В, and Вә, then 
since 4 appears in В, апа В. symmetrically, the variation in I; 
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would be given by allowing т and у to vary proportionately, 
that is by taking a cross section thru the space model along a 
radial line thru any point determined by the settings of @; and б». 
The fact that 4 does occur in other terms of (14-а) and (15-a) 
makes this method of obtaining the result incorrect. Neverthe- 
less, the terms other than В, and f. which contain 0 are slowly 
varying terms compared to В, апа В. so that the cross section 
obtained as outlined above does, after all, give а result near 
enough to the correct result to make the method a very useful 
one. Тһе smaller 7; and у» are, and the less the variation in й 
necessary to obtain the required resonance curves, the truer is 
the result obtained by this cross-sectioning method. 

In using this method it must be remembered, however, that 
since the variation in the coordinated x and у in this case is 
inversely proportional to y, the shape of the curve is somewhat 
distorted from what it would be if plotted in the usual way 
against y directly, moving along the radial line toward the origin 
means an increase in у. If the distance moved is very small the 
distortion due to this effect is small. 

Examining now a specific ease, let 7; —5 ў». The factor of pro- 
portionality 5 is much less than is often met in practice. Because 
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of distributed capacity of the coils a stronger signal is often ob- 
tained when the coupling is above critical and the adjustments 
are made for the long wave length maximum. This gives suf- 
ficient reason for considering the case shown in Plate 1, e and f, 
a practical case. It is evident that the primary circuit is adjusted 
to a much longer wave length than the resonant value for the 
incoming wave and that the apparent tuning in the primary 
circuit is very dull as shown by the section pp parallel to the z 
axis of the space model shown in Figure 9. The tuning in the 
secondary circuit is sharp as indicated by the section ss. The 
selectivity against interference from other stations, is, however, 
relatively low as indicated by the diagonal section along the 
line оо. The corresponding sections p’p’ and s's’ through the 
other peak of the space model are also shown in Figure 9. 
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Figure 10 is а sectional drawing of the special case when 7; is 
equal to уг. As pointed out above, the space model under these 
conditions is symmetrical as shown in c and d of Plate 1 and the 
two max. max. current peaks lie over the 45° line of the т-у plane. 

The above discussion indicates the manner in which the space 
model can be used to advantage to study the equivalent reson- 
ance curve, and the selectivity and tuning relations under dif- 
ferent conditions of the citcuits. Enough has been given to show 
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that the ratio of values of the decrement coefficients as well as 
their absolute values is important. 

Referring now to the case of critical coupling, there is only one 
main maximum, but if the circuits are not in resonance, there 
are two values of the incoming wave length which will give 
maxima. This is shown by the section оо’ and oo" in Figure 11, 
which shows cross sections of the space model for critical coupling 
when 7, >72. Again, it is interesting to note that the equivalent 
resonance curve at critical coupling when the incoming wave is 
varied, is broad at the top as shown in Figure 12, whereas the 
curve obtained for a fixed y thru the point х= 1 and у = 1 as either 
у ог ys is varied, is sharper. (See Figure 4.) This broadness 
of resonance with a flat top is of advantage when receiving a radio 
telephone having a long carrier wave because of the broad spec- 
trum which must be received. 

The reason for the broader shape of the critical coupling reson- 
ance curve as y is varied is easily seen when it is remembered that 
for all couplings above zero, coupled circuits have two free periods 
of oscillation and there are two branches to the equi-coupling 
curves similar to that shown in Figure 6. A cross section along 
the 45° line thru these branches obtained by varying y gives two 
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peaks of current. For couplings above critical the two current 
peaks can be resolved, but at and below critical coupling the 
peaks are so close that they merge and cannot be resolved. The 
resultant resonance curve is, therefore, a sum of two curves very 
close together and hence is, necessarily, broader than a single 
resonance curve. 
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In the further development of radio communication it is con- 
ceivable that it will be desirable to receive more complex radio 
spectra such, for instance, as two waves with considerable separa- 
tion. Such a spectrum can be received by making the two peaks 
of coupled circuits coincide with the two waves, but this can be 
done efficiently only when the two maxima occur on the 45° line 
of the model, as shown in Figure 10, and this is possible only 
when the ratio of resistance to inductance for the two circuits 
is the same. Since, as has been pointed out, the resistance of the 
antenna circuit is usually much greater than that of the secondary 
circuit, the reception of a two-wave spectrum necessitates the 
reduction of the primary circuit resistance by some method 
such as regeneration in that circuit. 


Part III 


REGENERATION IN COUPLED CIRCUITS 


The familiar theory of coupled circuits presented above has 
been given as a necessary foundation to the following theory of 
regeneration in coupled circuits. The author apologizes for the 
s-emingly necessary repetition, but it is hoped that possibly the 
method of presentation may be of interest. 

The theory of regencration in coupled circuits is necessarily 
complex and a complete solution will not be attempted. Any 
one who has operated a double circuit regenerative receiver 
knows the complexity of adjustments and the interdependence 
of every adjustment on every other, so it is believed that a 
discussion of the theory of the case may enlighten the operations. 

The only case considered in this paper is that in which regen- 
eration takes place in one of two coupled circuits having con- 
stants shown in Figure 13. The circuit having regeneration 18 
denoted by subscripts 2 and is termed the secondary circuit altho 
this terminology is entirely arbitrary. The emf. may be induced 
in either circuit. The equations for this case are readily deduced 
and are as follows: 

27 I, +] М с) I, == Е, 
7 М (0) 1+7, І, —j M (и I, = E. 
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М is the mutual inductance between L, and Le, т the mutual 
inductance between L: and L,, and p is the amplification factor 


of the tube. Е, and Е, are emfs. of frequency 5 F introduced into 


the first and second circuits, respectively. In most of the follow- 
ing discussion it is simpler to consider the impressed frequency 


of the emf. E, and E, to be equal to the reference frequency ^ 3 


except in those discussions where the impressed frequency is 
assumed to vary for the purpose of obtaining the shape of the 
resonance curve of the system. The equations will be developed, 
however, without has limitation and they are expressed in terms 


of any frequency ~ 2 


The solution of equation (18) is given below 


Ju an? a? 
E, 2.265. - J—jM wE, 
(19) i= "y 
Z, 2--- HM? o? 
BEIM we 
(20) an met 
ГАЕТ ы ee М 


р 

It is apparent on examination of equations (19) апа (20) that 

the coupling т effects only Z;, and hence regeneration in a cir- 

cuit affects only the impedance of that circuit and not the im- 

pedance of any circuit coupled to it.! The equivalent impedance 

of the second circuit or the circuit in which the regeneration 18 
established is 


шт Ы. Equivalent im- 
= 7° (0 
(21) Е ае —— pedance of regen- 
Z= Zp erated circuit 
pnm и т 
— —m? ? — m? w? 
= £^. o 
(22) 2, R- В, |) xe SP] БЫ 
p p 
(23) Z:=[R:— H В -+ЛУ.+НХ»| or 
(24) _ 2- +] Xs 


22-1 Several statements have appeared іп the literature which claim that 
regeneration in the secondary circuit of two coupled circuits reduces the re- 
sistance of the primary or antenna circuit. Such statements are incorrect. 
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In equation 23 the quantity L 
р 


theabbreviation Н, which will be called the coefficient of regenera- 
tion. ЁТ has no dimensions and is nearly independent of fre- 
quency, particularly if C» апа Lp are small. Expressed in terms 
of сое ffi cients, Н has the value 


has been replaced by 
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where y= a as before, and k= JL, L, is the coefficient of 
p 142 


-- 


ho : 
coupling between L, and Г. 
Examination of equation (25) shows that regeneration gives 


қ т T 
Ha positive value unless m? w?> a which is seldom the case. 
2 


білсе» 77 depends upon m, the effect of m or k is to alter the values 
of resistance and reactance of the regenerated circuit only. The 
resistance №, is changed to an effective or equivalent value Р; 
and the reactance X ә to an effective value Хз. The change in the 
reach ance сап be attributed to an apparent change іп Le as de- 
veloped in the following equations. 


(6-1) X;- Xi H X, 
(26-2) = (L,-- H L,) w— ЕИ 
C^ о 
(26-3 E 2212 where L: is the equivalent 
2 9 C» w inductance. 


Regeneration increases the apparent inductance to L+H L,. 
1Practice the actual change is small. B 
The following quantities may now be defined in terms of Le. 


(27) | вз = == 
V Г, С; 
- 2; ; | 
(28) А = zu V = velocity of light. 
(02 
1 
2 ЕНЕ қ а 
(29) 5-17 (i “-1-% 


__М 
Vis 


(31) К = aoe 


*4 | 


(30) 


Then it follows that since 
(32) R;— R,— H В», then 
= Re | Le L, 
(33) = Taw, Up Hp 
The expression for H can be given in terms of equivalent 
values 


(25-b) cs A -к) 


Lio 02-1 

In discussing the conditions of oscillation and maximum re- 
generation it is easiest to assume first that Е» is zero. This case 
is the most practical, for Е! may then be considered to be the 
signal emf. induced in the antenna circuit represented by the 
primary circuit of Figure 13, and the secondary circuit of the 
same figure is the usual closed secondary circuit with regenerative 
detector or amplifier. Equations (19) and (20) then reduce to 


(34) h=, E2 -= __Е (Аа -Н В,) ЕН Х„)| __ 
SZAM o ZiR- HRAFN o 
ТЕРЕН > o в 
о 
22 


where 212 is the equivalent impedance of the system looking from 
the primary circuit. 


(35) 
Г, ЈМ о E mE iM oE 
22 ZBZ+M?o?  Д|(Ё%—НЮь)+](Х++ Н Xp] +M? в? 
—7 М о Е, —j М о Е, —) М о Е, —) М о Е, 


ee сы 


ИСЕ M? 5 Z: Zi» Z (Z+: M? с)” j УА Z^ 
Z А, 


2 1 


where Za is the equivalent impedance of the system looking 
from the secondary circuit. 

If now H В, is made equal to or greater than Rz, then R: 
will become zero or negative. If the regenerated circuit is not 
coupled to the first circuit (that is if M =0) the second circuit will 
oscillate as soon as R becomes zero or negative. This condition 
that /0, = 0 is the same as the condition of oscillation of the simple 
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circuit of Case 2, Part I. When, however, the two circuits are 
coupled, Rə may be negative without oscillations taking place, 
because of the additional losses introduced by the primary cir- 
cuit. There is then presented the peculiar condition of two coupled 
circuits, the effective resistance of one of which may be negative. 
It was this interesting condition which partially induced the 
present investigation in order to determine how the usual rela- 
tions of coupled circuits with positive resistances given in the 
second part of this paper would be altered. 

САЗЕ 1. SPECIAL CARE OF CONSTANT REGENERATIVE EFFECT. 
Referring to equation (25) it 1s evident that the regeneration 
coefficient H is a function of both # and б, that is, H varies 
with the setting of the secondary condenser and the incoming 
wave length, altho the variation with the latter is slight. The 
first ease to be considered assumes H is constant. Under this 
assumption the resistance of the secondary circuit is altered to 
a constant value fs, which may be negative and / is slightly 
altered to a new equivalent value /5. All quantities will be ex- 
pressed and plotted in terms of the equivalent values. This case 
applies to two circuits, one having a constant negative resistance 
obtained in any way, and also to the practical ease. of coupled 
circuits having a regenerative secondary circuit when the tuning 
is done by varying LZ» so that m does not change. 

To investigate further, the same procedure used in the theory 
of coupled circuits with positive resistances may be followed. 
The secondary current given by equation (35) Is expanded be- 
low in terms of equivalent values and ts similar to equation (6) 
for coupled circuits with positive resistances. 


е ымын Lo ———— 
(36-1) ^ „|, M* m, ij Мо Ху 
| ЕТЕК 5 | 
Сы ӘЛЕУ колл! 
1 Т В Е, 
(36-а) [= mlale 


В+ В, С d (в:- m | 
И J | VE арты P A a ES. 


Now referring to equation (36-1) and following the same pro- 
cedure as before, if X, has some value and X» is varied until a 
maximuin of 1515 obtained, the value of X: is 
Мо? Ny X. to give max. I; equ- 


37-1 A= .. О! | | 
) BEEN TEECA VE lion of max. 1-2 line 
Б г” В, В» to give тах. Is, equa- 
(3 í -а) В. = г Ё : | о: 
LUPO; fron of max. 1-2 line 


Equation (37) corresponds to equation (7) and is independent of 
the value of R, whether negative or positive. 
The value of the max. 1; is 


аа E —j М о Е, ) 
(38-1) DE R+7x)( B М? о? В, or | 
(Ri +5 X:) (+ ВХ)? Obtained 
jc E, by adjust- 
ИР EE ing X, 
(38-а) mar 1, = WoW 1, Le Е : | then X. 
А - 7271 
ыы ы IE CUR | 
This expression evidently gives a finite value of J, even И R: 
| М? w? R 
is negative, but less in absolute value than Вх" Тһе соп- 


ditions under which 1; shall have its greatest value can now be 
found, as was done in the simple theory of coupled circuits, by 
differentiating equation (38-1), remembering it is a complex 
expression. The roots thus found for X; are similar to equation 
(9) in Part II. 
(39-1) X120 

М? о? В Imaginary value of 


í 2 2-- гиз 
(39-2) К-+АХ, R: Х, if Вә 18 negative. 
M? w? РВ, Value of X, to give 
ы 2 Е Ыса шо 
(39-3) R’ +X, Р» maz. max. Í. 


Expression (39-2), which in Part II gave the value of X, for 
the max. max Z;, now, when R: is negative, gives an imaginary 
value. Therefore root (39-3) must now be used. 

Examining more closely the conditions given in (39) it is 
evident that (39-3) gives in general for any value of в two values 
of X, for which the denominator of equation (38) is zero. At 
these two values of X, the current Г, (and also Г.) becomes in- 


finite or oscillation begins at frequency Е Values of X, (with 
z 


corresponding values of Хо, since the discussion assumes that 
adjustments are such that equation (37) holds) between these two 


points give finite values of Г, of frequency а Since the only 


adjustments under considerations lie on the Max. 1-2 line shown 
in Figures 5 and 6 for 0 = 1, this line included between the bound- 


^ for Figures 5 and 6, 


ary points of oscillation at frequency = 2 
лА2л 
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since 0 equals unity for these figures), is the locus of max. Iz 
just as in the second part of this paper when the secondary re- 
sistance was positive. It should be noted that the shape of the 
Max. 1-2 line is independent of whether Rz is positive or negative 
and that the same two values of X, satisfy equation (9-2) that 
satisfy (39-3) if the negative Rz has the same numerical value 
that the positive R, had in Part II. 

As was demonstrated in Part II, the Max. 2-1 line (adjust- 
ment of primary circuit to max 1; for various settings of second- 
ary circuit) passes thru the points of max. max. J2, which have in 
this case of negative resistance been shown to be the boundary 
points between oscillation and non-oscillation. The portion of 
this Max. 2-1 line between these two points is in this case the 
Wo 
2х 
adjustment of the two circuits is as indicated, that is, first second- 
ary then primary. 

For points on the Max. 1-2 line outside the region between the 
М? w? R; 


R24 X? (see equation (36)) 
1 1 


=0. This condition cannot exist 


locus of max. 7; of frequency 2” ( if 0 = 1) where the order of 
“л 


boundary points of oscillation, Re+ 


M? "E Xi 
R? +X,’ 
because if the first expressions were negative, a larger amount of 
power would be supplied to the system than would be dissipated, 
an obvious impossibility. What actually happens is first an in- 
crease in magnitude of the oscillation. The vacuum tube then 
operates over such an extent of its characteristics that the aver- 
age values of д and Rp are altered. This alteration іп и and R, 
is, in each case, in the direction of reducing the negativity of 
— М? о? Р, 
ах 
again becomes zero. Of course harmonics аге introduced which 
complicate matters, but to a first approximation in the qualita- 
tive discussion they may be neglected. The variations in 4 and 
R, will also alter the value of X», but to the first approximation, 
equation (37) may still be considered true and the oscillation at 
> 2” if 0—1 as in Figures 5 and s) will then take 
place over the portions of the Max. 1-2 line outside the boundary 
points. 

If equations (37) and (39-3), both of which hold for these two 
points of boundary between oscillation and non-oscillations, are 
solved simultaneously there results 
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is negative and Х.— 


Equilibrium is established when this expression 


frequency 


(40-1) ЕЁ, At on Locus of points where oscilla- 
Ка Ха | tion begins at frequency 


| We 
(40-a) 71 В, 2: 
"n^ 
Equation (40) is evidently the same as (17) in Part II which 
is the equation of the straight lines in Figure 5 and Figure 7, and 
the eurved lines in Figure 6 and Figure 8. Attention is again 
called to the fact that the figures are all drawn for the case that 
0-1. The boundary points given by equation (39-3) are there- 
fore, as in Part II, found to be the points of intersection of the 
Max. 1-2 line, the Max. 2-1 line and the appropriate radial line. 
These points of intersection which now mark the boundary be- 
tween oscillation and non-oscillation were in Part II the points of 
max. max. 1;, the current in the present case increasing toward 
infinity instead of to a finite max. max. value. 


as coupling M 1s varied. 


If, now, 

_ 9505.-222 р 
(41-1) М = № В d Critical coupling. 
(41-2) = a 72 0 


a relation which gave critical coupling in Part II, the boundary 
points just discussed come together at Хі-0 and Х.=0. Rela- 
tion (41) marks then a sort of critical coupling for negative re- 
sistance in one circuit, for then the region of no oscillation at fre- 


quency 5— has shrunk to a point and become a point of max. max. 
Л 


То, that is, infinite Г. This adjustment should be the condi- 
tion for maximum signal with greatest sclectivity. А little 
analysis shows that under this condition the line Max. 1-2 and 
the locus of equation (40) are tangent at the origin as shown in 
Figure 7, which is drawn for the case 0 =1. 

It is, therefore, evident from the above discussion that when 
two circuits are coupled and one, say the secondary, has regen- 
eration so that its effective resistance is negative but less in abso- 


lute value than 2. —. , and if the new equivalent reactance 
determines the new natural wave length 4; which will be slightly 
different from 42, and if now all equations be plotted to 2 
and y= or to В, апа f$», then the locus Max. 1-2 (shown for 


0 = 1 in Figure 5), which marks the maximum value of 7; in sim- 
ple coupled circuits when X; and then Х are adjusted, also marks 


Р а) 
the maximum value of current of frequency i when the second- 
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ary resistance is negative. Аз this locus curve is traversed, there 
are two values of X, marking a range outside of which the system 


(0 


oscillates at frequency; Between the two values of X, the 


яң» 
4e 


points on curve Max. 1-2 give max. 7; unless the tube starts oscil- 
lating at some other frequency, a possibility which will be shortly 
explained. 

Referring to Figure 6, for which 4=1 and which may now be 
used for the case of negative resistance Rz, oscillation at fre- 
2 takes place if the adjustments are such as to correspond 
to points on the locus Max. 1-2 outside the region between the 
intersections of the Max. 1-2 and the Max. 2-1 lines. Over the 
portions of the Max. 1-2 and the Max. 2-1 lines between these 
points of intersection, the current Г will be a maximum when the 
adjustments are made in the proper order. It is evident that 


quency 


maximum regeneration at frequency 27° will occur at the points 
Л 

of intersection of the Max. 1-2 апа Max. 2-1 lines, that is, at- 

points a-a. 


It is apparent that if M is varied, the points of intersection 


(points of max. max. 12) travel along the line. If, however, M 
is fixed and 2, varied, the points а-а travel along the Max. 1-2 
line which is itself unchanged in shape. If R, is positive, the 
points а-а represent points of max. max. 1), As Re approaches 
zero the points recede from the origin 0’ along the Max. 1-2 line 
until when R; = 0 the points are at z = Oand х = о. Аз R becomes 
a larger negative quantity, the points а-а approach 0” along 
the same Max. 1-2 line, this time marking points where oscilla- 


. Ө А . . 5 
tion at frequency ә begins, or points of maximum regeneration. 
z 


At these points 7; is theoretically infinite. 

The boundary line on the x-y plane separating the region of 
non-oscillation from that where oscillation at some frequency takes 
place can now be deduced. It must be remembered that whereas 


frequency 2— has signified an impressed frequency, it may now 


signify a frequency of oscillation of the circuit, for a current of 
frequency a can exist with zero impressed emf. of that fre- 
quency provided the equivalent resistance and reactance for that 
frequency are both zero. It is then possible to have an im- 
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pressed emf. of one frequency zm different from > and yet have 
л л 


the system oscillate in another frequency е different from the 


27 
above two frequencies and also different from either frequency 
Е па 2 It therefore becomes necessary to keep in mind five 
frequencies. 


Referring to equations (34) and (35), oscillation will take 
place if 


(42) Zi Z--M?w*-0 General condition of oscillation 
where now 2 is any frequency instead of the specific frequency 


of the emf. Ё,. 
Expanding (42) we get 


(43) 
+ +7 Xi) (R-j X5) +M? w?=0 or r2 condition 
(R, Р, — Xi X.+M? w?) +4(X, В- Хо Ri) = 0 о/ oscillation. 


FIGURE 13 


The condition of oscillation, therefore, reduces to the double 
condition that both the real and imaginary parts of (43) must 
vanish, or 
(44) E RX, Х.-ҺМ? w? = " General condition 

X, В. Х. В, =0 of oscillation. 
These equations when solved give expressions previously de- 
duced, that is, 


(45-1) [AS e i —R4-0 same as (39-3) | General con- 
+ АХ, dition of 
(46-1) y M'w X. x 0 oscillation. 


Using the usual notation, equations (45) апа (46) may be written 
as follows: 


" 22; 
(45-a) 12 = — сла ала TIAS | 


tion of oscilla- 


General condi- 
| tion. 


(46-a) [ -* оре) и 


If 6, the only function containing w, is eliminated from these 
two equations, the resulting expression gives the locus of points 
on the 4,;—@2 plane where equation (42) is true and hence gives 
the boundary between oscillation and non-oscillation irrespective 
of the frequency. The elimination yields the expression 
(47) 

(т si) На =? 71014 + [422 0i - 72) 6? Boundary equa- 
2 = » - = tion for special 

-25(1-—:?)]0? inp (nce 2) i-o СА 

This equation is plotted in Figure 14 for т = 0.5, у, = .4, and 
various values of 72}. Considering any one curve, no frequency 
2 can make the effective resistance Ra of the system and the 
effective reactance Ха simultaneously vanish for points inside the 
boundary. The effective resistance of the system viewed from the 
secondary circuit for points inside the boundary is positive and 
the system does not oscillate. For each point on the boundary 
the effective resistance and reactance expressed by equations 
(45) and (46) vanish for some frequency. For each point outside 
the boundary, Ра is negative for some frequencies, one of which 
makes the reactance Xo vanish. The system, therefore, oscillates 
at this frequency, but this condition of negative resistance cannot 
persist for the current would rise to an infinite value and still 
have the supply of power greater than the dissipation. The 
oscillations increase in amplitude until the values of 4 and Вр are 
no longer constant over the cycle and until the average values 
of these factors have altered to an extent to reduce the effective 
resistance Ra for the frequency of oscillation to zero. The 
stable condition is reached when the altered values of 4 and Р, 
make Rə and Ха vanish. The changes in the tube factors do 
not alter the reactance term nearly as much as they do the re- 
sistance term, so that the frequency under these conditions is not 
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much different from the frequency which makes the original 
effective reactance (equation 46) vanish. 
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FIGURE 14 


Referring to Figure 15, the heavy full line curve marked 
boundary is equation (47) plotted for values of 7i, 7» and г given 
on the figure. This curve represents the boundary betwen oscil- 
lation for points outside and non-oscillation for points within. 
The coordinates are as indicated, that is, the ratio between the 
natural wave lengths 7; and 7» of the respective circuits, to the 
reference wave length 4. 

The eurves marked Max. 1-2 are equation (46) plotted for 
various values of апа mark the loci along which Хо vanishes 
for the several values of И, that is, for different wave lengths. 
For instance, the Max. 1-2 line for #=1 is a line over which Ха 
for ;—;,1s zero, and is the Мах. 1-2 line of previous figures over 
which, when А was positive, the maximum secondary current 
was obtained under an impressed emf. of wave length 2, and 
when the order of adjustment of the circuits was first primary 
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and then secondary. Since, in the case represented in Figure 15, 
Ва is positive within the boundary, that portion of the Max. 1-2 
line for 0 = 1 inside this boundary now marks the locus of maxi- 
mum secondary current when an emf. of wave length А, is im- 
pressed. Тһе curve outside the boundary approximately gives 
the line over which the system oscillates with wave length 2. 
The other curves for other values of 0 give the analogous curves 
when А = 0 4,. Inside the boundary the curves give the loci of maxi- 
mum secondary current under an impressed emf. of wave length 
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À = 2o, and outside the boundary the curves give the approximate 
loci of oscillation at wave length 4=@/,. When a portion of one 
of the Max. 1-2 lines which is outside the boundary crosses 
another Max. 1-2 line, there is a condition for which the same 
adjustments of the circuits satisfy X2.=0 for the two wave 
lengths. In this case the oscillation will take place at the longer 
wave length because then the resistances are less. 

If 7 be eliminated from equations (45) and (46), then the 
equation given below results. 


02 — iT r2 Locus of max. regen- 
(48) ЛЕ eratzon et as = іх 
H varied. 
t»? 0,? 


If 0 equals unity, this equation reduces to equation (40) and 
gives the locus of the boundary points of oscillation at wave 
length А, as the coupling is varied. For any other value of 4 
the equation gives the locus of points where oscillation begirs 
for wave length 04, for all values of 7. 

If the constants of the circuits are as assumed in Figure 15, 
it is evident that maximum regeneration for wave length ^. 
occurs at two points where the Max. 1-2 line for 0 —1 cuts the 
boundary curve. 

Figure 16 is similar to Figure 15 except that it is calculated 
for critical coupling, the numerical value of which for the con- 
stants given is ^/.08. In this case the two points of maximum 
regeneration of Figure 15 have approached and have fused to а 
single point. 

It is now interesting to examine the value of the primary and 


secondary currents for any impressed frequency F when the 
T 


circuits are adjusted to any point of the diagram either inside 
or outside the boundary curve. The expressions for the primary 
current taken from equation (34) are 


(49-1) == 


Е, Numerica! 
E, _ Јл оо op, value of 


УХ N Rw \? [Х» \* | primary 
L o) T Li. current. 


I4 (Uo 


(49-2) 1, = 


1- 


H| #5, 


е Н 
Тары м Ба 


The expression for the secondary current for any frequency 


— is from equations (35) and (36) 


Boundary Curre ИНИНННИНИИНИНИИНИШЕЫШН НЕН 
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Expressions (49) and (50) are functions of the settings 


‚о 


and 2 of the two circuits and also functions of @ = a The shape 


о 


of the resonance curve produced by varying / when the two сіг- 


А À А | 
cuits are set at certain values of ^' and F can be obtained from 


Ao о 
equations (49) and (50) by varying 0. This method, of course, 
gives the exact shape of the resonance curves and is slightly 
different as already explained from the approximate method 
described in Part II of taking a cross section thru the space 
model which has been plotted against х and y. As an example 
the resonance curve is calculated for the point Р, ої Figure 15. 
At Р, as well as at Р» the system is on the verge of oscillating at 
wave length 2, and hence the system is in a sensitive adjustment 
for receiving the single wave length /.. If the received message 
is from а radio telephone station the radiated energy consists of 
а band of wave lengths grouped around the carrier wave że, and 
it is of interest to obtain the equivalent resonance curve of the 
system to determine how efficiently the whole radio-telephone 
spectrum will be received. 

Ry» 


and 
Г, (Uo 


Figure 17 is а plot against 0 of the components 
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А =. (see equation (49-2)) of the equivalent impedance of the 
1 Wo 


system of point Ри, Figure 15, as viewed from the primary circuit. 
For some impressed wave lengths, the system offers a negative 
resistance to the impressed electromotive force. Under these con- 
ditions the wave of wave length 2 for which the resistance is 
negative suffers no absorption in the system; but on the contrary 
energy is emitted from the system of that wave length, but only 
when 4 is impressed. If the primary circuit is the antenna of a 
double-circuit receiving system and a wave of length 2 is im- 


^ гс 24 Ж ‚8 10 72 14 16 18 20 
FIGURE 17 


pressed for which the resistance is negative, energy will be emitted 
from the antenna, the phase of the emitted energy being deter- 
mined by the values of Ха and В». Obviously in some direc- 
tions around the antenna the direct and emitted wave will rein- 
force while in other directions the two will tend to cancel. This 
opens up an interesting field of investigation to determine the 
effect of one receiving antenna on the distortion of the message 
received by a neighboring system. 


КЕСЕ Туш - (see equation (50-а)). 


Figure 19 is а plot of the secondary — calculated from 
equation (50-a). 


Figure 18 gives plots of К " 
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The secondary current curve of Figure 19 is, of course, ап 
approximate cross section of the space model along a radial 
line thru the point P;. Distances along the radial line are, 
however, not proportional to 0, but the relation between dis- 
tance and @ is (ү. Y 
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То give а better picture of the cross section of the model 
Figure 15 is replotted in Figure 20, and along the radial lines the 
current curves for Г, are plotted as sections of the space model. 
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2, 
Sections of Space Model 
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. Rie Xia . 
Figure 21 shows the values of ——— and for the point 
Li (до Li (до 


; » 
a and ds = 1 on the diagram, Figure 16. This case is for criti- 


о о 
cal coupling and the resistance touches zero іп а very small 
region about the point 0 — 1. 
CASE 2. COMPLETE CASE OF VARYING REGENERATIVE EFFECT. 
All of the calculation hitherto considered assumes that the regener- 


ation remains constant as А is varied, that is, Н defined in equa- 


ho 
tion (25) is assumed constant for any given value of K. This 
would be true if the tuning of the secondary circuit were accom- 
plished by varying Із without changing т. It should also be 
remembered that for the sake of simplicity all equations and 
graphs have been expressed in terms of equivalent values of 
337 
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Lo, іг, ete., which differ slightly from the actual values of Ls, 22. 
and so on, because of the effect of regeneration on these quer- 
tities. 

In practice, tuning is usually accomplished by varying C. 
The equations for the ideal case of constant H may be extended 
to apply to the actual case of practice provided the following 
assumptions are made which are necessary for simplification. 

Assumption 1 ур’ 01 
(52), | ША 6? | ш 
ssumption 2 АК Le” 62? К? вес equation (25-b) 
In actual cases these assumptions cause errors of less than опе 
per cent. 

These assumptions lead to the following reduction of equation 

(25-a). 


l^ S 
(53) ғаз A 
Ls x^7,^0 Lp 98 
(54) where s— Ки Ил 


Lp Ly 
The general conditions of oscillation shown by equations 
(45-1) and (46-1), now however expressed in terms of actual 
values instead of equivalent values, are 


(45-2) Ra -0 " - 
(46-2) Xa-0 Conditions af oscillation 
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CONDITIONS OF OSCILLATION 


These quantities can now be expressed in terms of S taking 
account of the fact that C2 alters the regeneration. 
Expanding (45-2) and (46-2) with aid of (53), we have : 


(55-1) R.—h R,4- p: i“ = р =0| Conditions of 
+ зу oscillation, Case 
(56-1) ЕЕ рте > = уз = Хи=0 2 
1 1 
These may now be expressed in coefficients as follows: 
7 727 
(55-а) n— 29 RENE SU auc 
"4,224 | 1- z e; 
0,? conditions of 
к [ 0? | oscillations, Case 
T xc Met 
92 с 2 2 
(56-а) А 4-0 
| | 6+1) 


The coupling 7 сап easily be eliminated from the above equa- 
tions giving an expression analogous to equation (48). This 
expression 15 the locus of points as coupling 15 varied where oscil- 
lation begins for wave length 0 2, The elimination gives 


$7p— "T — y» A points as Т 18 varied 
Substituting equation (57) in (55-a), @ can be eliminated, 
giving the boundary between oscillation and non-oscillation. 
This elimination is tedious but yields the following boundary 
equation. 


(57) ёз 928 0 (52—51) — 6° (51-23) Locus of тах. regeneration 


BOUNDARY EQUATION, COMPLETE SOLUTION 
(58) 0,31 ;, ,2(71: 2) 04-Е [т? 7115248 л 72— 71 /»-27 427 7p) ]02? 
+s rols (5p — 51) — 1] } +1? 122015 12) 0:8 + [SG у 72 71 ур 
—3 25р) - 2-Е2т°]06,1--5[5%>(җа 727-3 уур 27112) 2055 — уз) 


2 
-2:*1,]67- F5? 7 p12 — 5z»(2»— ӘП rel, + E 0,5 
71 


+2 ф- y Ete |, фр 1” 2 =» 0 
71 


71 
Equation (58) is а function of 0; and б» and not a function of 

0. If, as is done in the figures to be described, equation (58) is 
plotted to z and y, then, of course, the boundary has а meaning 
only when the variation of х and y is due to 0; and б» and not to й. 
So far as the coordinates axes are concerned 0 must be assumed 
equal to unity when considering the boundary equation, but 0 
will have various values at different points on the boundary, 
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the particular value which 0 has at any one point determining the 
frequency at which the circuits oscillate at that point. 

Equation (58) is so complex that it gives little idea of the 
shape of the curve. Three cases are plotted in Figures 22, 23, 
and 24 for constants given on the plots. 
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Equation (56-1) is the equivalent reactance and corresponds 
to equation (46-1) of the approximate solution. This equation 
gives, in the region of non-oscillation, a family of loci of maxi- 
mum secondary current, each curve being for a constant value 
of 9. In the region of oscillation each curve gives approximately 
the locus of oscillation at the particular constant frequency given 
by the value of 0 for that curve. These lines are shown in Figures 
22 and 24. 
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FIGURE 22 


Equation (57), which corresponds to equation (48) of the 
special case solution, is the locus of points of intersection of equa- 
tion (56-а) and the boundary curve (58) авт is varied, or in other 
words, gives the curves over which move the boundary points of 
oscillation at 4— 02, as т varies. They are indicated in Figures 
22 and 24 as 9 lines. 
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The numerical values of the primary and secondary currents 


for this complete case are complex. 


They are given below in 


terms of co-efficients with the simplification afforded by approx- 


imations (52). 
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Experimental boundary curves 


and 27 


are shown in Figures 25, 20. 


shows the effect on the boundary curve of 


varying the coupling between the primary and secondary cir- 


. 


Figure 25 


It is evident that 


the closer the coupling the broader is the region of non-oscilla- 


other coefficients remaining constant. 


, 


cuits 


Figure 26 illustrates the effect of changing the amount of 
regeneration, the arbitrary numbers on the curves being small 


tion. 


for the greater regenerative coupling. The boundary curves 
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move away from the origin оп the 45° line as the regenerative 
coupling is increased. Figure 27 shows the effect of adding 10 
ohms to the primary circuit. A locus of constant oscillation fre- 
quency outside the boundary and the maximum-current line in- 
side the boundary are also shown in this figure. 
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FIGURE 24 


The theoretical curves of Figure 22 were calculated for un- 
usually large values of coupling and resistances of the circuits 
in order to open up the curves to show better their character- 
istics. The curves of Figure 23 were calculated for the measured 
constants of the experimental arrangement and should be similar 
to the curve for no added resistance of Figure 27. The curve of 
Figure 24 is for a larger value of у; and should be similar to the 
other boundary curve of Figure 27. The values for z; and 7, 
used in calculating Figure 23, are probably not correct, because 
the radio frequency resistances of the coils were not measured 
but estimated from the audio frequency resistances. The agree- 
ment of theory and experiment is, however, sufficiently close to 
confirm the theory. 

The curves of Figures 22, 23, and 24, will now be described 
more in detail. In Figure 22 the boundary curve (equation 58), 
instead of giving a closed figure extending to the origin as in the 
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simple case (Figures 15 and 16) is now an open curve usually 
coming down to a sharp point at its lowest part. The region 
above the curve and within the conical shaped part is the region 
of non-oscillation; the part of the diagram below the boundary 
curve is the region of oscillation. The intercept on the y axis is 
the setting for which the secondary circuit as a single circuit 
starts to oscillate. The boundary curve does not extend to the 
origin because, as the secondary condenser is decreased, the re- 
generative tendency rapidly increases, so that for values of the 
secondary condenser below a certain value, (that is, for the lower 
extremity or tip of the boundary curve), the system oscillates 
no matter what the primary circuit setting Is. 


Experimenta? Boundary 
Effect of Varying Coupling 
А. = 600 meters 


о e 4 6 8 50 he 14 46 {8 гр 
FIGURE 25 


The Мах. 1-2 lines (equation 56-a) are, as in Case 1, the loci 
over which Хы is zero for various values of 0 indicated on the 
curves. These lines in the region of non-oscillation mark the loci 
of maximum secondary current when the order of adjustment is 
first primary and then secondary. They are the max. 1-2 lines 
of previous figures. In the region of oscillation these curves give 
approximately the loci of oscillation at wave length Aż.. The 
points where these Max. 1-2 lines intersect the boundary curve 
are points of maximum regeneration at wave length 02 and hence 


444 


Experimental Boundary 
Effect of Varying Regeneration 
А. = 600 meters 
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Experimental Boundary 
Effect of Varying A, 
A, = 600 meters 
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FIGURE 27 
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аге points of maximum signal strength for that wave length. The 
0-line for the same value of 4 passes thru these two points of 
intersection and is the locus over which these two maximum- 
regeneration points move as the coupling 7 is varied. When the 
Max. 1-2 lines do not intersect the boundary curve there is but 
one point of intersection of the corresponding 0-line and Мах. 
1-2 line. The branches of the 4-lines extending upward and above 
the oscillation region mean nothing and are not included in all oi 
the other figures. 

The boundary equation (58) has in some cases as,for example. 
in the case of Figure 22, imaginary roots for 4, for all values of #5 
below the tip. "This is, however, not always so, as shown by the 
cases of Figures 23 and 24, where values of 9 below the tip give 
real values of 0,. The boundary equation then encloses a narrow 
region below the tip which might be supposed to be a region of non- 
oscillation, but whichreally isanoverlapping of two regions of oscil- 
lation, and therefore is a region where the system may oscillate at 
either one of two frequencies. It is in this region that one gets the 
familiar click in telephones placed in the plate circuit of a tube 
generating oscillations in one circuit (the secondary circuit in this 
case) when another loosely-coupled circuit (the primary circuit) 
is tuned through the resonant point. For instance, assume that 
0, 15 unity and that 4, is increased by changing the primary con- 
denser. The coordinate point then moves to the right along the 
(,—] line of Figure 23. For values of 4, between 0 and 1.03 
(point a), the point is in one region of oscillation, and the fre- 
quency of oscillation is given by the value of 0 from equation 
(56-a). This value of @ is given by the upper branch of Figure 
28, which is equation (56-a) plotted for 8. =1. On passing the 
point a (0, = 1.03) of Figure 23, the representative point passes 
off one region of oscillation into the second region of oscillation, 
namely, the right hand region. This change is accompanied by 
a sudden alteration of frequency of oscillation given by the drop 
( from c to d of Figure 28. As the representative point passes 
further to the right the value of # is given by the lower branch of 
Figure 28 from d on toward the right If now 4, be decreased, the 
representative point returns in the second region of oscillation 
along the 0;—1 line to point b of Figure 23, where an abrupt 
change of frequency takes place on leaving the second region of 
oscillation. The variation of 9 during this decrease in @, is rep- 
resented by path def of Figure 28. 

Тһе enclosed region cdef of Figure 28 represents the hystere- 
sis so familiar to experimenters. Sometimes the resonance of two 
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circuits is determined by obtaining the average of the values of the 
condenser settings which give the two clicks. This method is 
approximate, but gives accurate results if the hysteresis is not 
great. The hysteresis is reduced by narrowing the region of 
double oscillation, which in turn can be done by reducing the 
coupling. 

The same sort of hysteresis or abrupt changes in frequency 
are obtained if the primary condenser is held fixed and the second- 
ary condenser varied. The break points now occur at points 
land n of Figure 23. Figure 29, which is equation (56-a) plot- 
ted for 0,21, gives the changes in /. The path traversed in 
Figure 29 is optrsrqpo. 

If, as the primary condenser is increased, the secondary con- 
denser is always adjusted to maintain 4 constant at say the value 
unity, which is to say the system is kept in tune to the incoming 
wave length 4 фо, the representative point moves to the right along 
curve g h of Figure 23. At point h an abrupt change of oscillation 
frequency takes place. No value of 4, and 0; between points 
h and j will make 0 equal to unity. For values of 4; greater than 
that for point 7 the curve Ј 13 traversed which lies in the second 
region of oscillation. 

As was pointed out above, there are usually two points of in- 
tersection of the Max. 1-2 line for 4=1 with the boundary curve. 
An experimental determination of the boundary line with the in- 
cluded portions of the Max. 1-2 and Max. 2-1 lines is shown in 
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Figure 30. Two cases are shown for two values of coupling 
between the primary and secondary circuits, the outer boundary 
heing for the greater coupling. The abscissas and ordinates are 
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respectively Сі and С». The points of maximum signal strength 
are shown by large circles. 

In tuning a receiving circuit to obtain maximum selectivity 
there should be but one maximum signal point or one point of 
intersection of the Max. 1-2 line for 0 =1 with the boundary line. 
This condition is true when the Max. 1-2 line passes thru the tip 
of the point and has no other intersection with the boundary line. 

The tip of the point of the boundary line is usually coincident 
with the common intersection point of all the 0 lines. The co- 
ordinates of this point can be obtained from equation (57) and 


are 
p= Ve Er) = 6,” | 
(61) nity I ntersection of 0 
| y for) = 6,’ line, tip of point. 
Yid Za 


In dealing with the boundary 0 must be taken as unity, so 
that z' — 0, and у’ = 0,. The position of the tip of the point is 
dependent upon s and is independent of coupling until the coup- 
ling becomes very weak, when the tip suddenly draws away from 
the point determined by (61), and the boundary line may lose 
its point and show merely a dip as in Figure 31. An experimen- 
tally obtained plot of the position of the tip of the point as indi- 
cated by the value of C; for various couplings is shown in Figure 
32. Plots are given for two values of s or regenerative couplings. 
The constancy of position of the tip is clearly shown by one curve. 
For the other curve the regenerative coupling was much reduced, 
so that the tip of the point is off the plot, but the rising portion 
touches the axis at C» equal to 82, which value is the largest 
capacity for which the secondary circuit will oscillate alone, and 
corresponds to the horizontal portion of the boundary line. 

Altho the tip of the point may leave the point given by (61), 
а substitution of (61) in the boundary equation (58) shows that 
these coordinates satisfy the equation and point (61) must al- 
ways lie on the boundary curve. In cases similar to that of Fig- 
ure 36, this point is an isolated portion of the boundary reduced 
to a single point. 

Returning now to Figure 30, it is observed that the max. max. 
points lie on a line aa, which corresponds to a certain value of 
fs (equivalent) 

7i | 
If the regeneration is increased, 7 becomes more negative, апа 
when — 7 = 7, the line aa or its equivalent on the z y plane be- 


The slope of this line aa shows that Izal < л. 


349 


, and that is practically at the 


Equivalent y; 
Above the tip |[7:|< 7. below the tip |z4 <. 


8 "р 
0,2” 


= ГЕНІ 


Since, 
At only one point, therefore, can the region of 


comes a 45° line, and the region of no oscillation shrinks prac- 
the value of 2; varies with position on the diagram, so that for 
only one setting of the secondary circuit with a given value of s 


no oscillation shrink to zero width 


tip of the point. 


tically to a line. 
does 7;— —7». 
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If this be substituted 


in (62) the value of ғ at the tip of the point is 
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Value of уз at tip. 
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These statements аге essentially true, but subject to a slight 


correction as will now be pointed out. The value of 0; for the 


tip of the point is given by equation (61). 


Since 7; and у; are usually very small compared to ур, then ўз 
is to all intents and purposes equal to —7, at the tip. 

The tip of the point can be made to fall practically, but not 
quite at point 0, 2 1, 9, =1, by making s have the value 


| 714-2 Approximately correct 
(64) gai . 
ур value оў 8 for tuning, 
This is the best value of s for tuning to an incoming wave 2--2о, 
since it makes — 7» practically equal to 71. The Max. 1-2 line for 
9 =1 may, however, have more than one point of intersection 
with the boundary. Since the width of the boundary curve and 
the shape of the Max. 1-2 line both depend upon the value of 4, 
the coupling must now be adjusted so that there is but one point 
of intersection of the Max. 1-2 line and the boundary, and hence 
one point of maximum signal strength. This is then the condi- 
tion of critical coupling. 

Analytically the condition of critical coupling can be found by 
solving for the coordinates of the intersections of the Max. 1-2 
line for # — 1, and the boundary line and determining the condi- 
tion that there be but one point. This can be done by making 
9 —1 in equations (55-а) and (56-а) and eliminating H. Тһе 
values of 0, for the two points of intersection are given by the 
following equation 


т? sgp vs "Un коша. ОЛЫ '(1—3)sz»— 
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If the radical is zero, there will be but one point of intersection. 
The condition that the radical is zero and hence the condition 
of critical coupling is 


| —92% Critical 
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If, as is usually the case, s? n,? and s are negligible compared with 
unity, then critical coupling may be approximately expressed as 
follows: 


9 7 Әу T» 41 | отт { 
(67) pues pue ee E Appi On imate 
хур? sgp? critical coupling 


where 7; is the equivalent 7 of the secondary. circuit. Equation 
(67) gives the value that 7 must have to give a single point of 
tuning when уз is negative, that ix, when ху, >75. If узур 
then 7520 and 720. As ху is inereased, the numerator increases 


more rapidly than the denominator and т increases, but if s is 
t 
э 7, 
made very large, the limit of > is seen to be ү! 7 so that for 9 
\ бр 
sr] 


n C А 2 Y 
regenerative circuit т must always lie between zero and \ 


ур 
If, now, the value of s from (64) is substituted in equation 
(67), the value of critical coupling is given as 
(68) ga. 
yp Gp T 92) 
Referring now to Figure 32, the value of critical coupling given 


Critical coupling. 
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FIGURE 32 


by equation (68) is approximately that value when the tip of the 
point draws away from point (61), or where the curve in Figure 
32 starts to rise. 

In actual practice it is not always necessary to tune to the 
very tip of the point, but a slightly closer coupling may be used 
if the converging portion of the boundary curve is very narrow. 
Then the two points of maximum regeneration lie so close together 
that they practically merge into one with slightly broader tuning. 

Using the above considerations, a few practical directions for 
tuning a coupled-circuit receiving system can be given. The 
value of s, which is determined by the tickler adjustment, must 
first be set at the correct value given by (64). To find this value 
approximately, set the coupling at a fairly large value, which 1s 
surely above critical coupling, and set the tickler so that the tip 
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of the point is near or a little below the wave of the signal being 
received. The tickler adjustment for this condition represents 
an upper limit for s. The coupling may now be reduced to the 
point where a further reduction necessitates a great reduction 
of the tickler to prevent the system from oscillating. This value 
of coupling is approximately that given by (68) and represents 
an upper limit. The values of the tickler and coupling adjust- 
ments found above are approximately the theoretically correct 
values to use, altho practically they represent upper limits and 
just as good results can be obtained if both are slightly less. 

For the next part of the tuning process, increase the coupling 
a bit and reduce the tickler slightly. Set the primary circuit 
as near as possible to the incoming wave. Now vary the second- 
ary condenser about the resonant value. The tube will cease 
to oscillate in a narrow range of secondary capacity somewhere 
in which the signal should be a maximum. If the range is too 
wide the coupling should be decreased or the tickler increased. 
If the position of the maximum signal is not exactly in the center 
of the non-oscillation range, the primary setting should be slightly 
altered until, by cut-and-try process, the peak is exactly in the 
center between the points of oscillation. Now the range may be 
decreased and the signal increased in strength by decreasing the 
coupling until the tube nearly oscillates. The final value of the 
coupling should be about or a little less than the value found 
above. By following the above procedure the loudest signal 
with the least distortion and maximum selectivity will be ob- 
tained. 

A question of considerable interest is the relative selectivity 
of a coupled-circuit and a single-circuit receiving system. It is 
well known that the former is much more selective than the latter. 
An expression can be obtained for the ratio of currents in the 
tuned circuits connected to the grids of the detecting tubes for 
the two systems, when the coupled circuit system is set at 
critical coupling and regenerated to the point of oscillating, and 
the single circuit is also regenerated to the point of oscillating. 
Instead of using the complex case for the coupled circuit system, 
the special solution of Case 1, Part III, which is expressed in 
terms of equivalent values, is used. This special solution, which 
is much simpler, is just as applicable as the complete solution, 
because we are to consider the effects of varying 0, in which case 
the regeneration remains essentially constant. 

The expression for the ratio of currents in the coupled-and 
single-circuit systems, respectively, when each is set to give the 
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strongest signal, сап be obtained by dividing equation (50-b) Бу 
equation (2-b), remembering, however, that in equation (50-b), 
0, and б» are to be set at unity and 7 is to have the critical value 
given by equation (41-а); and further remembering that in equa- 
tion (2-b), k is to be adjusted so that the equivalent resistance is 
zero and that the reactance term stated in equivalent values 


— 62 TET 
reduces epic The result of this division is 


0? 
(69) 
I coupled _ Їл. V — 1726" 7,0? м/т”, 0: 92+ (1—0)? 
I single — NT». V7°0?(1—62)? +012024 Га +(1—0?)?}? 


It should be remarked in reducing this equation in order to make 
the comparison of the two systems more just, the primary circuit 
of the coupled system is assumed to be the antenna circuit of the 
single-circuit system. 

The ratios of voltages impressed on the grids of the detector 


I ; ee 
tubes in the two cases is laly This ratio, which is the square 


ІІ, 
root of the ratio of signal strengths in the two systems, is denoted 
by G, the value of which is given in equation (70). 


pi бы ыы о e, 
р Li 


VT @? (1—9?)? + [71° 0r m 6r — 6?)2] JT 
(Square root of ratio of signals sirengihe in coupled and single 
circuits) 


Equation (70) is further simplified by dropping out б, except 
in the terms of form (1—4?) on the ground that, for instance, 
7; 0 is more nearly constant in practice than 7, because of the 
variation of resistance with frequency. 

The maximum value of С, called Cmar. is obtained when 0 is 
equal to unity, and is given below: 


(71) Gmar = Уй "E 
4 vt 72 

The ratio of С to Саг is probably a better measure of 
relative selectivity. This ratio is plotted in Figure 33 for у —.10, 
and several values of 7; from 0 to —.10, and in Figure 34 for у: = 
.05 and several values of 7. from 0 to —.05. The values of coup- 
ling for the several curves is different in each case, it being de- 
termined by equation (41-а). The gain in selectivity through the 
use of coupled circuits is clearly shown by these figures, in fact, 
theoretically the selectivity approaches infinity as — 7, ap- 
proaches 71. 


Г, 
The values of в... Е for the two values of 7; are plotted 
2 


in Figure 35, which indicates that the coupled system can give a 
stronger signal than the single circuit when properly tuned. 


т----- = 


-ттж-------.-2Х.-Ш 

#8 A 15211111) 8-599 

22222: “a < 80888886.) - оао 

«В... 71741212 see ee ” 22250520550 eee 
ҮП ПИППИИПИИЛТТП222222122221122212 11112212122 895920059 és LAE эө 

1 ГТІТІТІТІТІТТІГІЛТІШІШІТТІІТТІТІТІІІ өз ЕГІІІТІТІТІг: 


FIGURE 33 


uu ES 
t se 5222 


LI .. 
29999229 --= 
LLLI LI d 


. Ё 
өс... 22,221... 1144 ear i 
ЕСКПСТСЕЕН . = НЕН Н т 


FIGURE 34 


Undoubtedly instability reduces somewhat the tremendous 
theoretical superiority of coupled circuits, both as regards 
selectivity and signal strength. 
Cruft Laboratory, Harvard University, 
Cambridge, Mass. 
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FIGURE 35 


SUMMARY: 1--Тһе simple theory of regeneration in a single oscillatory 
circuit is developed, both when the oscillatory element is in the plate circuit 
and in the grid circuit of the regenerating tube. 

2--Тһе theory of couple circuits having positive resistances is reviewed 
and illustrated by means of space models for the secondary current. The useof 
sections of the model for determining graphically and for visualizing the varia- 
tions of secondary current as the primary or secondary circuits are changed 
or as the impressed wave length is varied, is given. 

The positions of the two peaks of max. max. secondary current, when the 
coupling is greater than critical, is shown to depend upon the relative values of 

R 

Lo, fe: 
symmetrically located on the space model with respect to the primary and 
secondary axes, otherwise the space model is unsymmetrical. 

3—The theory of regeneration in coupled circuits is developed. It is 
shown that regeneration in the secondary circuit affects only the impedance 
of that circuit and may make the equivalent resistance of that circuit zero 
or negative. 

The first case taken up assumes the regeneration to be constant, so that 
the theory for this case is the theory for coupled circuits, one of which has а 
negative resistance. The boundary equation between oscillation and non- 
oscillation is derived and plotted. 

The second case discussed is the practical case in which the degree of 
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=7 for the two circuits. When the ratio of /' is unity, the two peaks are 


xN 


regeneration depends upon the size of the secondary condenser. Тһе boundary 
equation is derived for this case and the curves for several numerical examples 
plotted. The conditions defining critical coupling and conditions of best tuning 
of coupled circuits are discussed. 

Expressions are derived giving the relative selectivity of coupled circuits 
and a single circuit receiver, and curves are plotted giving the results in two 
numerical examples. 


NOMENCLATURE 


Clarendon Type denotes complex quantities. 

Ordinary Type denotes numerical quantities. 

~ Over a symbol denotes equivalent value. 

Equations reduced to forms containing coefficients are indi- 
cated by a letter following the equation number, that is, 1-a is the 
coefficient form for 1-1. 

Subscript , denotes quantities pertaining to the plate circuit 
of a vacuum tube. 

Subscript , denotes quantities pertaining to the grid circuit 
of & vacuum tube. NN 

j complex operator numerically equal to 4/ — 1. 


де | i 
= — 37 amplification factor of vacuum tube. 


v 


д : 
Кь- 2 resistance from plate to filament of a vacuum tube. 
lp 


Rp may represent the total resistance of the plate 

circuit, that which is exterior to the tube usually being negligible. 

I root-mean-square value of sinusoidal alternating current. 

E root-mean-square value of a sinusoidal alternating emf. 

R resistance. 

L inductance. 

C capacity. 

Z impedance. 

m regenerative mutual inductance. 

k regenerative coefficient of coupling. 

M mutual inductance between primary and secondary of 
coupled circuits having inductance Lı and L», respectively. 

"т coefficient of coupling between primary and 
secondary circuits. 

w angular velocity. 

wo 

2x 
tion. 

д wave length corresponding to о. 


any frequency, either that of impressed emf. or of oscilla- 
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(о . 
a particular reference frequency. 


fe 


À, wave length corresponding to wo. 


Oy 1 the undamped frequency of free oscillation 


9292 azv L,C of circuit having inductance L, and capacity 
С, (primary circuit). 


й wave length corresponding to ол. 


Wa _ ]  ) corresponding quantities for secondary cir- 
2 27 2 Ls С» А 1: o) A 
| cuit, corresponding to == апа АЛ. 
^2 27 
2 (06 = Á 
(1) ho 
Mo AI 
H= — = -- 
сл До 
(0,, до 
A. = =. 
(02 ho 
n. 
Se үр 
д 
1 — 
Y= p 


( 
p2 2 | n? 
КЕЛЕЛІ 
ауз A2", 07 т”, 
КЕКЛБКЕНЕ 
wo A27 LER y- 


| : о) : . 
7 m decrement coefficient at frequency 2» ТТ ГА 
4 (00 


4 


noted by subscripts attached to 7, В, and L. 


R, decrement coefficient for plate cireuit of vacuum 


Ур = 
| Lip Wo tube. 
s= k и do 
| Жы Lp 
/ 
т Wn [м iL. 
S — — p o к á -i) cocfhieient of regen- 
pes aia, AWN be eration 
Lr “р rz, Ө°-+1 


ku Ls 
І» М 1 s approximate value of H. 


je E E 


Lp y^ Lp 6: Lp Ha” 
Le=Le+tH Lp equivalent inductance of regenerated circuit. 
Rs =Re—H Rp equivalent resistance of regenerated circuit. 
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w = 
"Г.С, 
= É =~ V =velocity of light 
= 1 p? 
1 1 
"i 
= M 
A Libs 
М1» 
_ В» 
5 Le (09 


Zi impedance of coupled circuits looking from primary circuit 
Za impedance of coupled circuits looking from secondary circuit. 
G relative selectivity of coupled and single circuit receivers. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHON Y* 
IssuED MARCH 4, 1924-ApRIL 29, 1924 


By 
JOHN В. BRADY 


(PaTENT Lawyer, Ouray Воилихс, WasuiNGTON, D. С.) 


1,485,485--Н. G. Cordes, filed September 29, 1919, issued March 
4, 1924. 
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NUMBER 1,485,485—Radio Signaling 


Rapio SIGNALING system where a circuit arrangement is 
provided at the receiving station for reducing the effect of unde- 
sirable signals of comparatively short duration and great inten- 
sity such as are produced by statie disturbances from effecting 
the receiving cireuit. This object is attained by placing a signal 
sifter in series with the receiving antenna circuit so that signals 
tending to produce current exceeding a predetermined amplitude 
cannot pass thru the sifter or are made to pass thru the sifter with 
increased difficulty as the intensity of the undesirable signal 
increases. The presence of the sifter in the antenna circuit in- 
troduces only a small additional resistance into the circuit for 
currents of comparatively small amplitude which are produced 
by the desired signals. 

*Received by the Editor, May 15, 1924. 

361 


- —RA———— а жасылы 
í 3 in - NOSE g „М 
.2.. — -— - at © Е NN ` 
- 
——— Í— ж = — 
ACT а Zn =r жаы a TI та MD 
— 
X 
ME 
~ ~ 
-т-- ы 1-- -, 
p I OU e 


7 -- = жасылы 
(Pattex 2 т О Жолоо N ous 
м % 


1:548—H.5 — Fue De Nie WM Ж ` ` 
-4 - Му № “М, 
4, 1924. 


1L— 


< 
ea 
к= 
- 
ғы 


--4----- 


SA RAR К 


- £2 1455,485--Бафо Bignaling 


END - сше; oe or, 2 М в 
M ‘a where a arewt gsirunyr pni ИГ ja 
= — TE 75 т Р 1 
ae Р cx" for reducing е effi (4 Т. ҮТҮ! 
ocio. ш Ж 
"E X fort duration aud үне inten 
то I Л “шшш деи еа =. U 
чы. ak CES et Urbane Sye other ling 
Е = ж S 1e 2 Piva ' 
Ex E E _ di ie дем boy 17 P $ у y 4 Tm 
> ее, 121 y ynule 
=- Қ | ici a еселеді Б Е БАҒЫМА Ы ae 4,4 ', 2 $3 2 Em 
lem i 5 " тан -s 4-04» 7,4 ‘Ag willl 
т» á © +з” - 4 r 
tx pn саа. - + е 
_ Е -—-- tg Sod gg Roe abe DEEP" ; youl 
Шш... Me SSN GRE о 
S E T " “ж..г., MIL: ++, + j$ + *4, 54 f 
2 . 4 gat 444 4 
ё ж ЖоК gea tue gee cq 
- 6 


1,485,524—H. Н. Pickron, filed March 9, 1923, issued March 4, 
1924. Assigned one-half to W. E. Copp, of Rock Island, 
Illinois. 


CRYSTAL DETECTOR FOR RADIO INSRTUMENTS enclosed in a 
casing with the mineral supported at one end and a helical tele- 
scopic spring located in the other end and adapted for engage- 
ment with the mineral. 


1,485,773— L. Espenschied, filed September 12, 1921, issued 
March 4, 1924. Assigned to American Telephone and 
Telegraph Company. 

Кашо CALLING OR SIGNALING from a radio transmitter to 
remote receiving stations. In brief, the invention consists in 
using what may be termed the ''carrier-off" method, that is, 
the transmitting station transmits a carrier wave continuously 
on which a message may from time to time be impressed. When 
it is desired to call a station, the transmission is suppressed and, 
as а result, certain operations take place at the receiving station 
giving some audible or visible signal suitable for calling the 
attention of the attandant. 


1,485,776—J. K. M. Harrison, filed January 3, 1920, issued 
March 4, 1924. 

MARINE SIGNALING APPARATUS for giving a signal as а mark- 
ing buoy. A galvanic battery is provided with pole elements 
exposed to the sea water as electrolyte. Тһе energy derived from 
this battery is utilized for energizing the circuits of a radio 
transmitter which may be of the buzzer excitation type. 


1,486,049—G. B. Spring, filed October 21, 1922, issued March 
4, 1924. 

Каро TELEGRAPH AND TELEPHONE INSTRUMENT, consisting 
of a headset for a radio receiver where the receiver caps are pro- 
vided with metallic ear pieces contacting with the ears of the 
operator with connections to the radio receiver whereby the 
human body may be utilized as the antenna. 


1,486,134—H. Gerdien, filed November 30, 1921, issued March 
11, 1924. Assigned to Siemens and Halske, Aktiengellschaft. 
MEANS FOR TRANSMITTING SIGNALS FOR RaDIO TELEGRAPHY, 
comprising a signal modulation circuit which includes an iron core 
coil device connected in the antenna circuit. Radio frequency 
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energy is delivered to the antenna thru а coil disposed on the 
iron core in inductive relation to the antenna coil. A direct cur- 
rent coil is wound on the same core and supplied with low poten- 
tial direct current. A separate source of direct current is also 
provided with a circuit arrangement for connecting it to the 
direct current coil for quickly raising the saturation of the core 
to the desired point before the low potential direct current sup- 
ply is connected to the coil whereby the time constant of the 
system is greatly increased and signals more sharply defined. 


NUMBER 1,486,134— Means for 
Transmitting Signals for Radio 
Telegraphy 


1,486,237 —J. A. Fleming, filed November 6, 1919, issued March 
11, 1924. Assigned to the Radio Corporation of America, 
New York. 


THERMIONIC DEVICE which consistsof vacuous bulb, a filament, 
a pair of collecting plates and a pair of potential plates, the four 
plates being arranged substantially symmetrical to and closely 
surrounding the filament. When the filament is rendered incan- 
descent, negative electricity escapes from the filament and passes 
across the vacuous space into the plate C and then returns by the 
exterrial circuit passing thru the instrument F to the positive 
terminal of the filament. "This current is called the thermionic 
current. If now the plates D, which are called potential plates, 
are connected to some source of high or low frequency alternating 
or even direct potential this variation of potential will cause а 
sudden and marked diminution in the thermionic current, which 
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сап be observed іп the instrument F or can be utilized to actuate 
a relay. 


1,486,432—B. Hodgson and 8. R. Mullard, filed August 22, 1921, 
issued March 11, 1924. 


SUPPORT FOR FILAMENTS IN THERMIONIC VALVES AND 
OTHER TUBES, wherein a spring is interposed between the fila- 
ment and a point on the glass envelope whereby the spring main- 
tains a uniform tension on the filament during abnormal heating 
of the envelope. 


1,486,505—K. W. Wagner, filed June 28, 1923, issued March 11, 
1924. Assigned to Radio Corporation of America. 


STABLIZING OSCILLATION GENERATORS, wherein a plurality 
of load circuits are connected with the generator and arranged 
to maintain the frequency delivered to a work circuit at a con- 
stant value. 


1,486,506—K. W. Wagner, filed June 28, 1923, issued March 11, 
1924. Assigned to Radio Corporation of America. 


STABILIZING OSCILLATION GENERATORS, functioning at a par- 
ticular working frequency. A primary load which is substan- 
tially independent of the working frequency is connected to the 
generator with a filter for excluding secondary or undesired fre- 
quencies connected between the generator and the load. A sup- 
plemental stabilizing load consisting of an oscillation circuit 
excluding the working frequency but imposing an increased sup- 
plemental load on the generator at nearby frequencies is also 
connected to the generator whereby the operating condition of the 
generator tends to remain constant. 


1,486,221—E. Berry, filed March 5, 1921, issued March 11, 1924. 
Assigned to Radio Corporation of America. 


NuMBER 1,486,221—Means for Control- 
ling the Flow of Electrons in Electric 
Discharge Devices 
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MEANS FOR CONTROLLING THE FLOW OF ELECTRONS ІМ 
Етествіс DiscHARGE Devices, comprising a tube having a 
cathode, a pair of anodes, and two plate electrodes located either 
within or without the vessel and arranged one on each side of the 
path between the cathode and the anodes so as to apply a poten- 
tial to the path of the electrons which are thereby caused to fall 
on the two anodes alternately. The receiving circuit is connected 
to the electrodes and the detector is connected between the 
anodes. 


1, 486,885—J. H. Hammond, Jr., filed July 30, 1915, issued 
March 18, 1924. 
Rapiopynamic DUPLEX Зузтем, wherein electromagnetic 
waves having contrasting characteristics are transmitted for 
operating a distant control apparatus. 


1,486,886—J. Н. Hammond, Jr., filed June 3, 1914, issued March 
18, 1924. 
SYSTEM FOR TELEDYNAMICALLY CONTROLLING MOVING 
ВортЕЗ at the same time that a visible signal carried by such 
body may also be controlled by radiant energy. 


1,486,887—J. H. Hammond, Jr., filed July 13, 1914, issued 
March 18, 1924. 
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NUMBER 1,486,887 —Electric-Radiant Siren 
365 


ELECTRO-RADIANT SIREN, where signals are transmitted over 
a varying range of wave lengths. The transmitter contains a 
pair of variable inductance devices which may be continuously 
operated to maintain the primary and secondary circuits in 
resonance over a varying scale of frequencies. 


1,487,012—H. Chireix, filed August 29, 1921, issued March 18, 
1924. 


CALLING ARRANGEMENT FOR SIGNALING, actuating a call 
indicator in a receiving station in response to a plurality of opera- 
tions that follow each other in a predetermined cycle. A mechani- 
cal system is provided at the receiver including two isochronous 
pendulums. One of the pendulums is accelerated by the pre- 
determined order of calling signals and then the differential 
movement of the two pendulums causes an indicating device 
to be actuated. 


1,487,096—L. F. Fuller, filed June 16, 1919, issued March 18, 
1924. Assigned to Federal Telegraph Company of San 
Francisco. 


ELECTRICAL CONDENSER of the stack type having a round 
edge metallic shield at each end thereof. The end plates serve 
as flux distribution shields increasing the voltage at which corona 
will form. 


1,487,115—J. L. McQuarrie, filed September 15, 1921, issued 
March 18, 1924. Assigned to Western Electric Company. 


INTELLIGENCE SvsTEM for translating electrical effects into 
mechancial movements, whereby persons who are afflicted by 
being blind and deaf may read. By the use of the apparatus of 
this system a person who is both blind and deaf may read print 
in a convenient and simple manner and with considerable rapidity 
thru the sense of touch. For accomplishing this, a signal receiv- 
ing device consisting of a series of electromagnetically actuated 
levers is arranged so that the free ends of the levers come just 
beneath the finger tips when the hand is placed on the device 
thru which the levers pass. The levers are selectively controlled 
thru the action of selenium cells or other light sensitive means. 
If a letter of the alphabet, for instance, is interposed between the 
selenium cell and a source of light, electrical conditions will be 
set up іп circuits containing the selenium cells whereby electro- 
magnets will be operated to actuate its associated lever to con- 
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vey (о a person who is both blind and deaf, a signal distinctive 
of a particular character thru the sense of touch. 


1,487,298—J. Н. Vennes, filed September 5, 1919, issued March 
18, 1924. Assigned to Western Electric Company. . 


METHOD OF AND APPARATUS FOR VIBRATION of electron tubes 
while connected in a circuit for observing any imperfections in 
the tube arising out of non-rigid mounting of the electrodes. 


1,487,308—H. H. Beverage, filed January 20, 1921, issued March 
18, 1924. Assigned to General Electric Company. 


ү; | 
NuMBER 1,487,308—Radio Receiving System 


Клоо REcEIvING Әүвтем, where the receiving apparatus 
may be at a distant point from the receiving antenna. The 
receiving antenna is a long horizontal uni-directional type with 
a transmission line for conveying signaling currents from a 
selected point in the antenna to a distant receiving station. A 
circuit arrangement is provided for eliminating in the receiving 
apparatus the effect of currents received upon the transmission 
line due to the exposure of said line to effect of ether waves. 


1,487,339—Е. W. Kellogg, filed January 20, 1921, issued March 
18, 1924. Assigned to General Electric Company. 


NUMBER 1,487,339—Radio Signaling System 


Rapio SIGNALING SysTEM having an antenna for receiving 
signals from a desired direction to the substantial exclusion of 
signals coming from other directions. A long horizontal receiv- 
ing antenna is employed and the received energy conveyed along 
à transmission line to a distant receiving station located along 
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the length of the antenna, from а point іп the antenna where the 
signaling currents received are strongest. 


1,487,353—H. J. Nolte, filed September 8, 1921, issued March 
18, 1924. Assigned to General Electric Company. 
ELECTRON-DISCHARGE APPARATUS, wherein a water cooling 
system is provided for maintaining the anode at a fairly low tem- 
perature. The anode projects into a cooling tank thru which 
cooling fluid is continuously circulated thru a long spiral heat 
radiating coil. 


1,487,451—J. F. Farrington, filed October 16, 1922, issued March 
18, 1924. Assigned to Western Electric Company, Incor- 
porated. 

CIRCUITS FOR ELEcTRIC DiscHARGE Devices, wherein the 
cathodes are heated by alternating current. According to the 
present invention, the disturbances which arise in the output 
circuit of an electro discharge device in consequence of the 
alternating current used for heating its cathode may be neutral- 
ized by opposing thereto like disturbances produced in the output 
circuit of a similar discharge device. 


1,487,617—D. С. Stoppenbach, filed August 17, 1920, issued 
March 18, 1924. Assigned to General Electric Company. 
ELECTRICAL APPARATUS or condenser built up of alternate 
sheets of conducting and insulating material. Resilient plates 
of metal are provided on each end of the stack, which plates are 
tightly clamped together, uniformly pressing the condenser ele- 
ments together thruout their area. 


1,488,006—R. A. Heising, filed September 29, 1919, issued March 
25, 1924. Assigned to Western Electric Company, Incor- 
porated. 


NUMBER 1,488,006—Radio Transmission System 
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Клоо TRANSMISSION SYSTEM, іп which two-way communica- 
tion may be attained at each station over a single antenna. A 
circuit is provided for preventing the production of side tone in 
the receiver at the radio station by energy from the local trans- 
mitter. According to this invention, a normally operative re- 
ceiving set and a normally inoperative transmitting set are con- 
nected to the same antenna. Voice or sound operated relays 
serve, when energized, to render the receiving set inoperative and 
to render the transmitting set operative. A feature of the inven- 
tion consists in the provision of a normally oscillating oscillator 
which serves both for production of oscillations for the transmit- 
ter and as a detector. This considerably simplifies the neces- 
sary apparatus and makes the control of the system quick acting. 


1,488,114—J. H. Hammond, Jr., filed August 24, 1912, issued 
March 25, 1924. 


Влого TELEGRAPHY AND TELEPHONY, in which the amplitude 
or frequency or both of the transmitting energy may be periodi- 
cally varied. A rotary condenser may be interposed in the an- 
tenna circuit and driven at a rate where the periodicity of the 
circuit is varied at a rate above the limits of audibility. The 
variation is secured in such manner that the time intensity curves 
shall be peaked and not flattened, whereby a true sinusoidal wave 
form may be produced at the receiver. 


1,488,337—H. Gernsback, filed May 14, 1921, issued March 25, 
1924. 


Ешествіс VALVE containing a filament heated to red or white 
incandescence in contact with the wall of a highly exhausted 
glass bulb. A remarkably high current is produced between the 
filament and an outside external electrode. The electronic flow 
is made to pass between the filament and the outside element, 
altho these two elements are not in metallic contact. Under the 
heat of the filament the wall of the glass vessel becomes a con- 
ductor which allows the electronic charges to pass. The tube 1s 
shown as applied to receiving circuits functioning as a rectifier. 


1,488, 489—J. C. Gabriel, filed December 23, 1920, issued April 1, 

1924. Assigned to Western Electric Company, of New York. 

WavE MODULATING at a radio transmission station. The in- 

vention consists in the provision of meansforconnectinga signaling 

wave device to a modulating device in two ways, each of which 

produce modulation and which together cooperate to modulate 
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more effectively. Тһе signal-controlling device operates directly 
thereon thru the agency of an intermediate variable impedance 
device or system of variable impedance devices such as several 
discharge tubes arranged to rectify several phases of alternating 
current and impress the combined rectified current on the modu- 
lating device. Asaresult of the uni-directional conductivity of the 
variable impedance tubes, the current is variably rectified in ac- 
cordance with the signals and the resulting waves into which the 
rectified current is translated are correspondingly modulated in 
amplitude. Due to the direct action of the signal-controlling 
device arranged in parallel with respect to the modulator, a fur- 
ther modulation of variation in amplitude of the waves results. 


NUMBER 1,488,48S9—Wave Modulating 


1,488,613-—G. W. Pickard, filed February 28, 1919, issued April 1, 
1924. Assigned to Wireless Specialty Apparatus Company. 
Vacvovs ELECTRICAL APPARATUS of the electron tube class 
wherein desired vacuous condition is preserved without depend- 
ance upon a continuously operating vacuum pump. The inven- 
tion has particular reference to high power transmitting tubes 
where steel containers are emploved in heu of glass and vacuum 
maintained despite inherent joints and seals. The metallic con- 
tainer which houses the tube cleetrodes іп a vacuum is itself 
disposed within an outer vacuous container. 


1,488,701— C. Kinsely, filed March 29, 1920, issued April 1, 1924. 
Spack-TELEGRAPH RECEIVING SYSTEM for avoiding the effects 
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of static disturbances. А pair of loop receivers which may Бе 
differently affected by static disturbances are employed con- 
nected to Hall relays. The energies thus separately received in а 
plurality of wave receiving elements are separately utilized to 
control the operation of a signal indicator circuit so that the indi- 
cator in said circuit is actuated only at times when all of said 
wave-receiving elements are energized. Тһе effects of the strays 
in several receiving elements are seldom synchronous enough to 
produce any effect on the indicator. 


NuMBER 1,488,791—Space-Telegraph Receiving System 


1,489,158—W. Schäffer, filed August 18, 1922, issued April 1, 
1924. Assigned to Gesellschaft fur drahtlose Telegraphie, 
m.b.h. 


NuMBER 1,489,158—Arrangement for the Audible 
Receiving of Undamped Oscillations 


ARRANGEMENT FOR THE AUDIBLE RECEIVING OF UNDAMPED 
OSCILLATIONS, wherein the received energy is used for producing 
and controlling energy of a different frequency from the received 
frequency. The frequency thus produced may therefore be kept 
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во low that it is audible іп а telephone so as to make possible 
the direct hearing of inaudible incoming radio frequency. An 
audio frequency generator is provided at the receiving station 
consisting of an electron tube having a grid for controlling the 
oscillations in the generator circuit. The receiving circuit causes 
direct current potential to be impressed on the grid in propor- 
tion to the received energy to thereby control the effect of the 
low frequency generator upon a signal indicator. 


1,489,031—J. H. Hammond, Jr., filed March 25, 1914, issued 
April 1, 1924. 

RADIODYNMAIC SYSTEM AND METHOD FOR AVOIDING WAVE 
INTERFERENCE in dynamic control systems. The system con- 
templates a transmitter of a plurality of differently character- 
ized or contrasting impulses to the first of which only the receiv- 
ing circuit is responsive and upon receipt of which the electrical 
constants аге automatically changed so that the circuit becomes 
responsive to the next succeeding transmitted energy upon re- 
ceipt of which a desired control may be effected. Interference 
from undesired sources will therefore not affect a control, because 
the particular combination of frequencies to set a control could 
probably not be determined by hostile stations. 


1,489,228—L. A. Hazeltine, filed December 28, 1920, issued 
April 1, 1924. Assigned to Hazeltine Corporation of New 
Jersey. 


NUMBER 1,489,228—Method and Means 
for Neutralizing Capacity Coupling in 
Audions 


METHOD AND MEANS FOR NEUTRALIZING Capacity COUP- 
LING IN AUDIONS, comprising a coil connected between the grid 
and filament electrode and an auxiliary coil and neutralizing 
capacity connected in series between the plate electrode and the 
filament. The auxiliary coil is coupled electromagnetically with 
the first coil with a coefficient of coupling substantially equal to 
unity and having a ratio of turns thereto equal to the ratio of the 
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coupling capacity to the neutralizing capacity, said ratio differ- 
ing from unity. 


1,489,287—A. H. Taylor, filed May 29, 1923, issued April 8, 1924. 


? 


NuMBER 1,489,287— Receiver of High-Frequenev 
Electrical Signals 


RECEIVER OF HIGH-FREQUENCY ELECTRICAL SIGNALS, where- 
in a multiplicity of separate signal channels may be established 
on the same antenna. A rejector circuit is interposed between 
each receiver and the connections with the antenna for elimin- 
ating undesired reactions of one receiver upon another. 


1.490,165—L. Езрепзешей, filed September 30, 1919, issued 
April 15, 1924. Assigned to American Telephone and 
Telegraph Company. 

BALANCED ANTENNA Хүхтем for directive reception so ar- 
ranged that it will produce a maximum effect upon the receiving 
apparatus in response to oscillations received in a given direction, 
but will produce practically no effect upon the receiving apparatus 
in response to radiations received from the local sending antenna. 
Another feature in the invention relates to a directive receiving 
antenna so arranged that its direction of maximum absorbing 
effect may be rotated at will, without affecting its faculty of pro- 
ducing substantially no effect upon the receiving apparatus in 
response to radiations transmitted from the local sending antenna. 


1,490,108-0). А. Brackett, filed January 24, 1921, issued April 
15, 1924. Assigned to Westinghouse Electric and Manu- 
facturing Company. 
SYSTEM OF (ONTROL for radio signal transmission where a 
non-radiating absorbing circuit is provided for the signaling 
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energy between the signal characters. A magnetic core is pro- 
vided which interlinks inductances connected in the antenna and 
absorbing circuits. The magnetic characteristics of the core are 
then changed for producing signals whereby said radiating and 
absorbing circuits may be selectively rendered effective or non- 
effective. 


NuMBER 1,490,198—System 
of Control 


1,490,958—R. Bown, filed November 23, 1921, issued April 22, 
` 1924. Assigned to American Telephone and Telegraph 
Company. 

FREQUENCY CONTROL бүвтем, in which a plurality of radio 
stations are divided into groups of intercommunicating stations, 
each group having assigned to it a definite frequency range which 
shall not interfere with the frequency range assigned to any other 
group. The frequency used in the various groups for signaling 
is controlled by generating at a master station a fundamental 
frequency, transmitting said frequency to the stations of the 
various groups, generating at said station energy to be used for 
signaling, and controlling by the fundamental frequency of the 
locally generated energy without controlling the amplitude of 
the energy. 


1,491,288—G. H. Clark, filed May 2, 1919, issued April 22, 1924. 

RADIO SIGNALING APPARATUS, including a wave changer 
system for arc transmitter. A loading coil and a fine adjustment 
coil are connected in the antenna circuit with switch arms 
adapted to make contact with said coils. Means are shown for 
connecting said arms to cause simultaneous movement to pro- 
vide coarse and fine adjustment. 


1,491,341—A. H. Eaves, filed August 14, 1918, issued April 22, 
1924. Assigned to Western Electric Company. 
374 


CoNDENSER made up of a number of fixed condenser units of 
various capacities with а switching device whereby the total 
capacity between a pair of line terminals may be varied in the 
terms of the smallest capacity. 
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NuMBER 1,191,258—Radio Signaling Apparatus 


1,491,362—H. E. Shreeve, filed February 20, 1918, issued April 
22,1924. Assigned to Western Electric Company. 

Vacuum Tuse shell for surrounding the base of a tube. The 
shell consists of a collar, a plate of insulating material fitted in 
the outer end of said collar and terminal connections carried by 
said plate for each of the tube electrodes. The plate is posi- 
tioned within the collar perpendicular to the axis of the collar. 


1,491,372—E. W. F. Alexanderson, filed October 28, 1921,1 ssued 
April 22, 1924. Assigned to General Electric Company. 
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NuMBER 1,491,372—Radio Receiving System 


Rapio REcEIVING System having a high degree of selectivity. 
The receiver includes a detector and two circuits associated with 
said detector upon which received signaling current may be im- 
pressed. А circuit is connected to one of these circuits for in- 
tegrating the phase of the signaling currents flowing therein. 
Àn indicator is associated with one of said circuits and separate 
means associated with the other circuits for causing said indi- 
cator to respond only to currents which are in phase with the 
signaling current. Тһе receiver will then respond only to cur- 
rents which are in phase with the signaling currents. 


1,491,387 —P. R. Fortin, filed February 12, 1921, issued April 22, 
1924. General Electric Company. 

ELECTRON-DISCHARGE APPARATUS, ОҒ high power wherein a 
cooling fluid is circulated around the exterior of the plate elec- 
trode of the tube maintaining the electrode at a proper working 
temperature. The plate electrode is а cylindrical cup-shaped 
member making a tight joint with the glass envelope of the 
electron tube. 


1,491,405—A. W. Hull, fled March 1, 1921, issued April 22, 
1924. Assigned to General Electric Company. 


SIGNAL-RECEIVING SysTEM for the reception of continuous 
wave signals. А tube circuit is shown in which the potential 
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of the grid electrode is varied periodically between suitable 
positive and negative values at a frequency somewhat different 
from that of the signaling currents to be detected so that the re- 
sistance of the signaling circuit will be varied between maximum 
and minimum values to vary at an audible frequency. By tuning 
the circuit betwen cathode and the controlling grid, oscillations 
will be produced in that circuit and the potential of the grid will 
automatically be caused to vary periodically at the frequency of 
the oscillations produced. 


NuMBER 1,491,405—Signal-Receiving System 


1,491,450—W. C. White, filed February 4, 1920, issued April 22, 
1924. Assigned to General Electric Company. 


NUMBER 1,491,450—High-Fre- 
quency Signaling System 


Hicn-FnEQUENCY SIGNALING SYSTEM, consisting of an elec- 
tron tube transmitter wherein signals are produced by a keying 
circuit connected in the grid of the electron tube. Тһе keying 
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circuit operates to charge the grid to a value sufficiently negative 
by an accumulation of electrons from the cathode to prevent the 
production of oscillations so that signaling characters may be 
produced. 


1,491,543—A. Meissner, filed May 3, 1922, issued April 22, 1924. 


METHOD OF AND APPARATUS FOR ELIMINATING DISTURBING 
ErrEcTs, by employing two receiving systems each tuned to 
substantially the same frequency with circuits for modulating 
the signaling energies of the received effects at different fre- 
quencies adapted to produce beats of different frequencies with 
the signal frequency. A circuit is provided for opposing the dif- 
ferentiated received effects and detecting the resultant of the 
combined effects. 


| a 
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NUMBER 1.491,543— Method of and Apparatus 
for Eliminating Disturbing 
Effects 


1,491,772—J. Н. Hammond, Jr., filed May 9, 1912, issued April 
22, 1924. 

SELECTIVE WaAvVE TRANSMISSION SYSTEM, wherein wave 
groups are transmitted at a distinctive rate obtained by means of 
Interrupters or variations of wave amplitude. The transmission 
system includes a circuit inductively connected to the transmis- 
sion eireuit including a source of periodic impulses of a prede- 
termined frequency. These impulses are varied at a frequency 
different from the first frequency. Another circuit is provided 
wherein periodic impulses of a still different frequency are pro- 
duced. At the receiver a plurality of circuits are used tuned to 
respond to the several frequencies for operating a control by 
conjoint action of all frequencies. 


IN 


1,491,772—J. Н. Hammond, Jr., filed April 26, 1912, issued 
April 22, 1924. 


METHOD OF AND SYSTEM FOR SELECTING WAVE TRANSMIS- 
SION, for control systems wherein the transmitting station is pro- 
vided with circuits for emitting a plurality of co-existing series 
of waves in groups having different group frequencies. The 
wave groups are emitted in sets having rates different from the 
wave group frequencies. 


1,491,773—J. H. Hammond, Jr., filed May 9, 1912, issued April 
22, 1924. 

METHOD OF AND SYSTEM FOR SELECTIVE WAVE TRANSMIS- 
SION, wherein selectivity in transmission is secured by employ- 
ing distinctive wave lengths and distinctive wave-group fre- 
quencies. A still higher degree of selectivity is secured by trans- 
mitting and receiving these waves and wave-groups at a third 
distinctive rate, which may be obtained by means of interrupt- 
ers, Variations of wave amplitude or in other ways. 


1,491,774—J. H. Hammond, Jr., filed May 13, 1912, issued April 
22, 1924. 


NUMBER 1,491,774—Multiplex Radio Telephony and Telegraphy 


MULTIPLEX Карго TELEPHONY AND TELEGRAPHY, where se- 
lcetivity is secured by employing distinctive wave lengths and 
wave-group frequencies or periodic amplitude variations. A still 
higher degree of selectivity is obtained by using a combination of 
radio-frequency waves and at least one series of wave groups 
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or periodic amplitude variations for the transmission of telephone 
conversations, and a combination of high-frequency waves and 
at least two series of wave groups or periodic amplitude variations 
for the transmission of telegraph signals. 


1,491,775—J. H. Hammond, Jr., filed September 29, 1916, issued 
April 22, 1924. 

METHOD OF AND SYSTEM FOR TRANSMITTING AND RECEIVING 
ELECTRORADIANT ENERGY, for securing secrecy in radio com- 
munication. The transmitting circuit shown includes a plurality 
of rotary spark gaps and a shunted tone circuit whereby a plural- 
ity of effective tone signaling frequencies are secured which are 
selectively received at the receiving circuit to operate any de- 
sired control circuit. 


1,492,000—H. J. Round, filed August 26, 1920, issued April 29, 
1924. Assigned to Radio Corporation of America, New 
York. 

THERMIONIC DEVICE FOR RADIO TELEGRAPHY AND TELE- 
PHONY, in which the anode is situated at a distance from the 
cathode and is constructed of a pair of independent grid-like 
devices in close parallel planes. One anode is closer to the 
cathode than is the other anode. The grid is interposed between 
the anodes and the positive battery applied to the anode struc- 
ture. 


1,492,321—H. J. J. M. de R. de Bellescize, filed August 29, 1921, 
issued April 29, 1924. 

RADIO SIGNALING SYSTEM, comprising an electron tube ap- 
paratus wherein the energy from the detector circuit is delivered 
to two differential low frequency circuits differently tuned. The 
two circuits have high time constants with respect to the oscilla- 
tion frequency and the time constants of the radio frequency 
receiving circuit. 


List oF Rapio TRADE Мавкв PUBLISHED BY PATENT OFFICE 
Prior To REGISTRATION 


(The numbers given are serial numbers of pending applications) 


187,947—''LvrroN Rapio DuPLEx" for radio receiving sets, in 
ornamental design. Walter Lytton, Incorporated, Chicago. 
Ilinois. Claims use since February 12, 1923. Published 
March 18, 1924. 
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NUMBER 1,492,521—Radio Signaling System 


188,673—''SuPERTRAN F M С” for audio frequency transform- 
ers. Ford Mica Company, Incorporated, New York. Claims 
use since October 3, 1923. Published March 18, 1924. 


188,897—‘‘Rapio-Powerr” for filament heating transformers and 
parts thereof. Тһе Eagle Carburetor Company, Cleveland, 
Ohio. Claims use since October 1, 1923. Published March 
18, 1924. 


188,954—‘‘Duo-REFLEX” for parts for radio receiving sets. 
Electrical Research Laboratories, Chicago, Ilinois. Claims 
use since April 1, 1923. Published March 18, 1924. 


188,955—“ERLADYNE” for parts for radio receiving sets. Elec- 
trical Research Laboratories, Chicago, Ilinois. Claims use 
since April 1, 1923. Published March 18, 1924. 

188,0526--“Ен,ағікх” for parts for radio receiving sets. Elec- 
trical Research Laboratories, Chicago, Ilinois. Claims use 
since April 1, 1923. Published March 18, 1924. 

188, 057--“Ткіріех” for parts for radio receiving sets. Elec- 
trical Research Laboratories, Chicago, Illinois. Claims use 
since April 1, 1923. Published March 1%, 1924. 
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188,970—''PEARLCO" for radio receiving sets. Pearl Radio Cor- 
poration, Philadelphia, Pennsylvania. Claims use since 
March 1, 1922. Published March 18, 1924. 


‚ 188,972—‘‘RaADIONOGRAPH,” in ornamental design for radio re- 
ceiving sets. Radionograph Corporation of America, New 
York. Claims use since about August 20, 1923. Published 
March 18, 1924. 


188,974—“‘Sec-Tron”’ for radio receiving sets. Тһе Sec Tron 
Company, Cleveland, Ohio. Claims use since May, 1923. 
Published March 18, 1924. 


189,371—Ornamental design of a sound amplifying device for 
Loud Speakers. Multiple Electric Products Company, New 
York. Claims use since April 1, 1923. Published March 
18, 1924. 


163,098—‘‘RapiorERA”’ for radio apparatus. Lyon and Healy, 
Incorporated, Chicago, Illinois. Claims use since about 
April 1, 1922. Published April] 8, 1924. 


172,607—' "M P М—Мпллом Point MINERAL” for crystal de- 
tectors. Million Point Mineral Company, Needles, Cali- 
fornia. Claims use since October 30, 1920. Published April 
8, 1924. 


172,769—‘‘WorLp WIDE WIRELESS” in ornamental design for 
radio apparatus. Radio Corporation of America, New 
York, New York. Claims use since July, 1921. Published 
April 8, 1924. 


185,289—''Dri-Lo" in ornamental design for radio receiving ap- 
paratus. Fallkill Radio and Electrical Corporation, Pough- 
keepsie, New York. Claims use since July 1, 1923. Pub- 
lished April 8, 1924. 


188,345—''Cnoss CouNTRY' for radio receiving sets. United 
Profit-Sharing Corporation. Claims use since October 1, 
1923. Published April 8, 1924. 


190,273—‘‘Rapio-MasTER—THE VOICE OF THE WORLD" in orna- 
mental design for radio receiving sets and amplifiers. Henry 
T. Schiff, Bay City, Michigan. Claims use since October 1, 
1923. Published April 8, 1924. 


190,274—''VrTRODYNE'" in ornamental design for radio receiving 
sets and amplifiers. Henry T. Schiff, Bay City, Michigan. 
Claims use since October, 1922. Published April 8, 1924. 
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190,321—''VirTARADIO" for radio receiving sets. Vitanola Talk- 
ing Machine Company, Chicago, Illinois. Claims use since 
December, 1922. Published April 8, 1924. 


191,082—''MoRRADYNE" for radio receiving sets. Morrison 
Radio-Phone Company, Incorporated. Claims use since 
January 5, 1921. Published April 8, 1924. 


187,654--“ТновітЕ” for loud speakers.  Winkler-Reichmann 
Company, Chicago, Illinois. Claims use since July 29, 1923. 
Published April 15, 1924. 


180,062--“Гхі-Тсме” for radio receiving sets. Nassau Radio 
Company, Incorporated, Brooklyn, New York. Claims use 
since November 22, 1923. Published April 15, 1924. 


189,652—‘‘A-B-ALLEN-BRADLEY”’ in ornamental design for radio 
apparatus. Allen Bradley Company, Milwaukee, Wiscon- 
sin. Claims use since October 1, 1923. Published April 15, 
1924. 


190,248--“Рүкатек” for crystal detectors. The Erisman La- 
boratories, New York, New York. Claims use since Decem- 
ber 20, 1923. Published March 18, 1924. 


190.207 —''PHUSIFORMER" for intervalve coupling transformers. 
F. R. Hoyt, New York City, assigned to The Wilson Com- 
pany of New York. Claims use since about November 1, 
1923. Published March 18, 1924. 


190,686—''HoM-E-OLA" for radio receiving sets. Hoffman-Corr 
Mfg. Company, New York. Claims use since December 14, 
1923. Published March 18, 1924. 


190,726—''SuPERTRON" for radio receiving apparatus. Victor 
Radio Mfg. Company, New York. Claims use since about 
June 1, 1923. Published March 18, 1924. 


191,126--“Тмростом” for radio receiving sets and parts. Radio 
Accessories Company, of New York. Claims use since about 
October 1, 1922. Published March 18, 1924. 


191,215—“O. H. VorLTRoN" for vacuum tubes. Otto Hersche- 
kowitz of Newark, New Jersey. Claims use since November 
26, 1923. Published March 18, 1924. 


181,886—“‘HomeE-BuI 7?” for radio receiving coils. G. О. Wilkin- 
son, Philadelphia, Pennsylvania. Claims use since Decem- 
ber 20, 1922. Published March 25, 1924. (Not subject to 
opposition.) 


383 


188,601—Ornamental design for radio apparatus. Mercury Radio 
Products Company, Little Falls, New Jersey. Claims use 
since April, 1922. Published March 18, 1924. 


191,613—'"NEuTROSTAGE" for stage of tuned radio frequency 
amplification with neutralization of capacity coupling in 
radio receiving apparatus. Claims use since February 25, 
1923. Freed-Eisemann Radio Corporation. Published 
April 1, 1924. 


191,909—‘‘MasTERTONE”’ for electron tubes. H. G. Роге! Com- 
pany, Boston, Massachusetts. Claims use since December 
18, 1923. Published April 1, 1924. 


190,380--“К-О” in ornamental design for radio apparatus. 
King Sewing Machine Company, Buffalo, New York. Claims 
use since October 19, 1923. Published April 15, 1924. 


190,699—''CaTs-EvE" for detectors. Stream-O-Light Lamp 
Company, Columbus, Ohio. Claims use since March 1, 
1920. Published April 15, 1924. 


190,709--“Кквівтком” for grid leaks. Temple Instrument Com- 
pany, Camden, New Jersey. Claims use since September 
15, 1923. Published April 15, 1924. 


191,362—''ALKADYNE" for radio apparatus, in ornamental de- 
sign. The Connecticut Telephone and Electric Company, 
Incorporated, Meriden, Connecticut. Claims use since 
January 4, 1924. Published April 15, 1924. 


191,640—'*VocELESTE" for radio apparatus. The Radio Prod- 
ucts Company, Cleveland, Ohio. Claims use since Septem- 
ber, 1923. Published April 15, 1924. 


192,703--“Кахт-Вһо” for vacuum tubes. Harry B. Kanter, 
New York City. Claims use since January 24, 1924. Pub- 
‚ lished April 15, 1924. 


182,891—''REDDEN's" for radio apparatus. (Not subject to 
opposition.) A. H. Redden, Irvington, New Jersey. Claims 
use since February 1, 1922. Published April 15, 1924. 


192,903—''DuRaATRAN" for radio transformers. Dubilier Con- 
denser and Radio Corporation, New York. Claims use since 
about April 28, 1923. Published April 29, 1924. 


193,360—“РогхрумЕ’” for radio apparatus. Service Radio Cor- 
poration, New York. Claims use since February 20, 1924. 
Published April 29, 1924. 
384 


193,361—“‘POLYMETER” for radio apparatus. Service Radio 
Corporation, New York. Claims use since February 20, 
1924. Published April 29, 1924. 


193,362—‘‘PoLypon”’ for radio apparatus. Service Radio Cor- 
poration, New York. Claims use since February 20, 1924. 
Published April 29, 1924. 


193,363—“PoLYFORMER” for radio apparatus. Service Radio 
Corporation, New York. Claims use since February 20, 
1924. Published April 29, 1924. 
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LONG DISTANCE RADIO RECEIVING MEASUREMENTS 
AT THE BUREAU OF STANDARDS IN 1923* 


By 
L. W. AUSTIN 


(СнтЕР, Rapio PHYSICAL LABORATORY, BUREAU OF STANDARDS, WASHINGTON 
District oF COLUMBIA) 


(Communication from the International Union for Scientific Radio 
Telegraphy) 


The results of the signal intensity and atmospheric disturb- 
ance measurements for 1923 are shown іп the tables of monthly 
averages. During the past year changes have been made in the 
wave frequency of Lafayette, and at the same time the antenna 
at Nauen has been rebuilt so that its antenna current and radia- 
tion height have been at times uncertain. These two facts make 
any comparison with the results of the receiving measurements 
of the previous year somewhat unsatisfactory. The radiation 
height of Nauen is now given as 170 meters and the current as 
270 amperes, as compared with 150 meters and 380 amperes in 
1922. "This represents а net decrease of about 25 percent in 
meter-amperes. Notwithstanding the irregularities іп trans- 
mitting conditions, the average strength of the Nauen signals 
for the year is only slightly less than in 1922. 

The most remarkable thing to be noticed in connection with 
the measurements of 1923 is the great increase in signal intensity 
which has accompanied Lafayette's change in frequency about 
May 15%, from 12.8 Ке. (23,400 m.) to 16.2 ke. (18,500 m.). Thus 
far no explanation of the increase in the intensity has been offered. 
Its truth, however, cannot be doubted as the high readings have 
been noted not only at the Bureau of Standards but also at other 
American laboratories and at the French army experimental 
laboratory at Meudon! near Paris. The daily records at Lafay- 
ette show that there has been practically no change in. average 
antenna current due to the change in frequeney, the extremes 
for 1923 being approximately 400 amperes and 540 amperes with 

*Published by permission of the Director of the Bureau of Standards of 


the U.S. Department of Commerce, Received by the Editor March 13, 1924. 
! *Onde Electrique," November 25, page 46, 1924 
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ап average of 475 amperes. Such а large increase in strength 
eannot be due to the suppression of harmonies, nor has there 
been any change in the antenna system. If the effect were sup- 
posed to be due to a change in antenna radiation height, assum- 
ing that the height measurement of 170 meters made in 1921 
was correct, the present radiation height, as estimated from the 
increase in intensity observed at the Bureau of Standards and 
at Meudon, would have to be more than 60 meters above the 
tops of the towers. 

The following figure shows the comparative trend of the 
monthly averages of the measurements made on Lafayette’s 
URSI signals at 3 P. M., Washington time, at Meudon near 
Paris, and at the Bureau of Standards. The noticeable thing in 
the curves aside from the difference in summer and winter values 
in Washington due to the afternoon fading is the lack of agree- 
ment between the Paris and Washington observations before 
Lafayette's change of wave length and the remarkable agree- 
ment shown since that change. 
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Another fact to be noted in connection with Lafayette’s 
change of frequency is the decrease in its summer afternoon fad- 
ing at Washington. The unusual weakness of Nauen in the fore- 
noon in December is also worthy of mention. This is probably 
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connected with the time of the European sunset and was notice- 
able, tho in a lesser degree, in other European stations meas- 
ured. It has been noticed before in the case of Nauen, but in 
former years the very weak period has more commonly come in 
November than in December. The European sunset in summer 
comes in the middle of the afternoon, Washington time, grad- 
ually shifting back until during the shortest days of winter the 
sun sets in Nauen before 10 A. M., Washington time. Observa- 
tions taken at various times of day thru the different seasons 
clearly indicate the shift of the weak periods of the European 
stations, with the changing sunset hour. 

In addition to the measurements of Nauen and Lafayette, 
daily observations were begun in May, 1923, on the Radio Cor- 
poration station at Bolinas, California, and on the new French 
high-power station at Ste. Assise, near Paris. The latter station 
has a double Marconi type antenna, each half of which is of the 
same height and length as the antenna at Lafayette, and is so 
arranged that the two parts can be used simultaneously, one 
with the call letters UFT employing a frequency of 20.8 ke. 
(42 14,400 m.), and the other UFU with a frequency of 15.0 ke. 
(4= 19,900 m.). The observations on Bolinas were discon- 
tinued at the end of October on account of extensive repairs and 
alterations which were being made there, but have now been 
taken up again. 

The frequencies and the approximate antenna currents of the 
different stations are given in Table III. 

As the difficulties of reception in America are almost entirely 
confined to the summer months, the averages for this period have 
been collected in Table IV. The degree of fading of the stations, 
that is, the ratio of the 3 P. M. signal to the 9 À. M. signal is 
shown in column 5 of the table. Here Lafayette shows the least 
fading, the ratio of afternoon to morning signal being 0.48. This 
is an improvement over the value for 1922 in the proportion of 
0.48 to 0.35. The Nauen fading is slightly worse than in the year 
before, being 0.184 against 0.198. It is interesting to note that 
the fading on the two Ste. Assise frequencies is nearly the same, 
notwithstanding the considerable difference in frequency, which 
may indicate that the very marked difference between the fading 
of Lafayette and Nauen may depend not on the difference of 
wave length as was surmised last year, but rather on situation or 
other causes not yet known. The fading on all stations in 1925 
continued considerably later than in 1922. 

It is worthy of note that Bolinas, tho of nearly the same fre- 


391 


quency as Ste. Assise (ОЕТ) has a much more favorable after- 
noon fading ratio in Washington, which may be due partly to the 
difference in conditions along the signal path, and partly to the 
fact that the sunset effect in California does not coincide in time 
with the local afternoon absorption around Washington, while 
the two effects do coincide in the case of Ste. Assise. 

The European sunset fading as observed in America is not 
by any means a daily phenomenon, but occurs irregularly tho 
often on a number of successive days. It seems to be most 
noticeable near the time of the longest and the shortest days. 

A comparison of the measurements made at the Bureau of 
Standards with observations made on European stations close to 
the seacoast indicate that a considerable part of the afternoon 
fading in Washington is due to absorption taking place within 
two hundred miles(320 km.). 

As has been said before, all conclusions drawn from observa- 
tions on radio transmission muct be considered strictly tentative 
until the phenomena have been verified by observations extend- 
ing over a number of years. 

The atmospheric disturbances in the summer of 1923 were 
less violent than in 1922, but began considerably earlier and con- 
tinued much later than in that year. 


Radio Physical Laboratory, 
Bureau of Standards, 
March 4, 1924. 
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TABLE I 


MONTHLY AVERAGES OF SIGNAL INTENSITIES FOR NAUEN AND 
LAFAYETTE AND ATMOSPHERIC DISTURBANCES IN MICROVOLTS 
PER METER 


Nauen POZ Lafayette LY 


A.M. | Р.М. А. М. P.M. 
1923 бір. Dist.Sig. Dist.Sig. Піві. бір. Dist. 


| 


9 29. 
626. 
1530. 
63115. 
97/3. 
57| 6. 
411 5. 
411 5. 
39 7. 
23 
52 
23: 


12..... 19; 98. 
10 82.9 12i 95. 
26| 81.7 27 89 
152|.... 122 38. 
306 69.3 129, 41. 
219/1113 77 56. 
197.132 56; 41.9 232 
217108 49 48.9 255 
197159 46105 211 
78:166 291129 95 
88 146 551136 95 
40118 291132 44 


25 
20 
48 
244 
370 
383 


January 
February.... 


OO сл ф Ол © оо c 


September... 
October...... 
November... 
| December.... 


1 2 к : 
ыа һа ць М OO М ©з HW» сл Q2 М QO 
м 00 Ооо © © «л ©з бо © сл Уо c 


—M 


Average 28.7 38.816.0 129107 54.2 84.4 168 


TABLE II 


MONTHLY AVERAGES OF SIGNAL INTENSITIES FOR BOLINAS AND 
STE. ASSISE IN MICROVOLTS PER METER 


Bolinas | Ste. Assise | 
КЕТ СЕТ СЕС 
A. M. P.M. | A. M. Р.М. A.M. P.M. 


August...... 
September... 
October...... 
November... 
December.... 


Averages..... Е; 9. ; 3.€ 23.2 | 90.2 


TABLE III 


FREQUENCIES AND APPROXIMATE ANTENNA CURRENTS—1923 


Ste. Ste. 
Bolinas! Nauen | Assise | Assise | Lafay- 
UFT | UFU ette 


Frequency Кс......| 22.9 | 23.4 20.8 | 15.0 | 15.9 
Wave length, т....| 13,100 | 12,800 | 14,400 | 19,000 | 18,900 


Antenna current, 
475 


TABLE IV 


SIGNAL AVERAGES AND DISTURBANCES DURING AFTERNOON 
FADING SEASON, JUNE TO SEPTEMBER, 1923 


A. M. | P. M. 
Sig. Dist. ‘Sig. Dist. 


207, 0.18 


Bolinas....... , ‚38 


2. (тет 55.3 .6 13. 25." 
мы. | сес 100 RD | | ‚27 
Lafayette... . . |129 .48 


Department of Commerce, 
Washington, D. С. 
SUMMARY: A summary is given of the signal intensities and strength of 


atmospheric disturbances at Washington from Nauen, Lafayette, Bolinas, and 
Ste. Assise stations during 1923. 


Note: It has been decided to discontinue the bi-monthly publicaticn 
of the daily observations at the Bureau of Standards on European signals an 
in atmospheric disturbances, but these will be furnished in  mimeographed 
form to any one making applie ation for them. 
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DISTRIBUTION OF RADIO WAVES FROM BROADCAST- 
ING STATIONS OVER CITY DISTRICTS* 


By 
Raven Bown 
AND 
G. D. GILLETT 


(DEPARTMENT OF DEVELOPMENT AND RESEARCH, AMERICAN TELEPHONE AND 
TELEGRAPH Company, New YORK) 


With the advent of popular interest in radio broadcasting 
many of the peculiarities of radio transmission, previously 
known only to the radio engineer and the radio amateur, have 
become matters of common experience and broadened interest. 
The broadcast listener who goes in for receiving distant stations 
has found that the difference in transmission by day and by night, 
the enormous fluctuations іп night transmission usually termed 
fading, together with widely varving eonditions of natural and 
man-made interference, lend to his pursuit the sporting aspects 
of a game of chance. The listener interested in receiving from 
local stations has learned that two equally powerful stations 
equally distant from him but in different directions do not 
necessarily give equal signal strength in his receiver, and again 
that his friend who lives in a different part of the city gets quite 
different results. Many of these variations are chargeable to 
the use of different receiving sets the sensitivity of which varies 
with frequeney in different ways. But after these factors have 
been cancelled out the fact remains that at short distances from 
the broadcasting station such that time variations of transmis- 
sion are Inappreciable, or within what might be ealled the service 
area of the station, there are space variations or inequalities of 
distribution which seem to depend on the physical character of 
the landscape. 

There are thus distinguished two kinds of transmission varia- 
tions; time variations or fading, which are the outstanding char- 
acteristics at long distances, and space variations or inequalities 
of distribution, which are most easily distinguished at shore dis- 

*Received by the Editor, January S, 1924. Presented before THe In- 
STITUTE OF RADIO ENGINEERS, New York, January 16, 1924. 
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tances where they are not complicated by the presence of time 
variations. This paper is concerned only with space varia- 
tions. These are a permanent characteristic of the trans- 
mission and lend themselves readily to quantitative studies. To 
the engineer, a study of irregularities of distribution is valuable 
not only in disclosing scientific information on radio transmis- 
sion, but also in providing an empirical basis for the design of 
radio broascasting distribution systems. We have endeavored 
to set forth below the results of just such a study of the conditions 
in the urban and suburban districts of New York City and the 
City of Washington, District of Columbia. 


THEORETICAL CONSIDERATIONS 


Before considering specific cases, it is worth while to discuss 
very briefly just what the natural obstacles are which lie in the 
way of theoretically perfect broadcasting distribution. 

Looking upon radio broadcasting as a means for distributing 
intelligence-bearing energy over a given territory, the most 
desirable result would be to produce the same field strength of 
radio waves at all points in the territory and to produce little 
or no disturbance outside that area. This would enable a given 
receiving set to be used with equal satisfaction anywhere in the 
territory of the station. Unfortunately radio transmission from 
a single station is ill adapted to afford such a result. It is by 
nature a means for throwing out a large amount of energy at one 
point and allowing it to spread out, diminishing rapidly at 
first and then more gradually, until finally at considerable 
distance it becomes unstable or too attenuated to be discern- 
ible. 

Not only is the field strength reduced with increasing distance 
on account of the spreading of the energy over a larger and 
larger circle, but it is also reduced in addition by the fact that 
some of the radiated energy is transformed into heat by elec- 
trical losses in the transmission media and therefore lost to 
radio uses. 

If the surface of the earth were flat and of uniform electrical 
characteristics, the falling off in field strength of the waves due 
to spreading of the energy and losses in the earth might be ex- 
pressed as a law in mathematical form. Several such expressions 
have been developed from experimental data and are uscful in 
many cases. In the usual case, however, the earth's surface is 
irregular in form or material and corresponding transmission 
irregularities are introduced. "The characteristics of the earth's 
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surface which affect radio transmission тау be roughly classified 
under three headings as follows: 

1. Areas of different electrical constants—fresh water, 
salt water, dry land, wet land, rock, snow, and so on. 

2. Differences of elevation—hills, valleys, mountains, 
and the like. 

3. Absorbing structures—man-made buildings, towers, 
or other structures many of which have resonance 
characteristics producing selective absorption. 

It is almost hopeless to expect that we shall ever be able 
properly to take account of such varied factors as these in any 
transmission formula. We may, however, thru the collection of 
experimental data hope to obtain a fairly clear picture of how they 
affect transmission and be able to make allowances for them in 
engineering problems and calculations. 


EXPERIMENTAL METHODS 


Fortunately the means for taking experimental data of this 
kind are already at hand in the form of radio field-strength meas 
uring sets of the kind described in a recent paper before THE 
INSTITUTE OF RADIO ENGINEERS on “Radio Transmission Meas- 
urements,” by Bown, Englund, and Friis... One of the small 
portable type of short wave measuring sets described in that 
paper was used in obtaining the data herewith presented. In 
order to be able to cover ground rapidly with this outfit, it was 
transported and used іп an automobile as shown in Figure 1. 

In our measurements at New York and Washington, schedules 
were arranged with certain stations so that a carrier frequency 
of constant amplitude would be sent out while observations were 
being taken. During some of the periods this carrier was modu- 
lated or, more strictly speaking, two intelligence-bearing side 
bands were transmitted in addition to the constant carrier. This 
was immaterial from the measuring standpoint, because the 
measuring set measures substantially only the carrier. 

It is obvious that taking any considerable number of points 
to the square mile would be very laborious. The data contained 
in this paper represent the results of about two months of field 
work during which the automobile carrying the measuring set 
traveled 3,000 miles (4,800 kilometers). An endeavor was made, 
therefore, to reduce the amount of measuring work by taking the 
observations at points selected in advance as most likely to show 


! "Proceedings of THE INsTITUTE OF Rapio ENGINEERS,” volume 11, 
1923, number 2, page 115. 
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up the effects being investigated. In many places the data are 
very sketchy, but they serve as a guide in picturing phenomena 
which are more accurately delineated in other sections where the 
data are more complete. 

The observations in each city group were made during daylight 
hours, during the same season of the year, and in most instances 
under uniform weather conditions. Relatively, the measured 
values of field strength are believed to be correct within a few 
percent. The absolute accuracy of the values does not enter 
into this discussion, so the possible 10 or 15 percent constant 
error in the calibration of the measuring set used is of no direct 


FIGURE 1 


importance. Where observations were made in settled areas, as 
open locations as possible were chosen, for instance, in parks, or 
squares and in the centers of wide streets. Such points tend to 
represent general conditions as distinct from the very local con- 
ditions which may obtain on the roofs of or inside of particular 
buildings. No doubt if the study were carried to sufficient re- 
finement, each building or group of buildings would be found to 
have its own little distribution pattern. 

In order to facilitate an orderly consideration of the data, 
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we have presented them below іп such sequence as to bring out, 
first, the separate effects of the three classes of transmission fac- 
tors previously mentioned, and, second, the complications into 
which combinations of the factors lead. 


OPEN COUNTRY TRANSMISSION 


The first measurements to be considered were made around 
Washington, District of Columbia, in the summer of 1923. The 
broadcasting station WCAP of the Chesapeake and Potomac 
Telephone Company was used as a transmitting station for the 
tests. The transmitting frequency was 640 kilocycles (wave 
length 469 meters). As shown on the map, Figure 2, observa- 
tions were taken on two lines leading out of the city, one to the 
southeast and the other to the northwest. The points at which 
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НосвЕ 2--Мар of Washington, District of Columbia, and Vicinity showing 
Location of Measuring Points 


measurements were made are marked. In Figure 3 are given 
curves showing plots of field strength against the distance from 
the transmitting station. The smooth upper curve A shows the 
falling off which would be obtained under the ideal condition of 
simple spreading, the field strength being inversely proportional 
to the distance. The calculation of the ideal curve requires an 
assumption or measurement of the effective height of the trans- 
mitting antenna. In the present case, the effective height was 
calculated from field strength measurements made at a dis- 
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tance of about eight wave lengths from the transmittinz 
station. 

Curve B is for the southeast line. A profile of the land and 
water corresponding to this line is given just below at B’. It 
starts out over rolling country and the field drops rapidly. About 
25 miles (40 km.) out it strikes Chesapeake Bay, and the next 
30 miles (48 km.) over water is characterized by a flattening of 
the field strength curve, due to lowered attenuation. Then, going 
over land again, the curve drops more rapidly. The alternating 
steep and flat portions bring out clearly the effect of the different 
electrical characteristics of the land and brackish water over 
which the radio waves pass. 

Curve C, with its corresponding profile of the landscape С”, 
is for the northwest line, which is entirely over land. The land 
increases in elevation and irregularity as the distance from the 
city increases. The field strength falls off at first much the same 
as in Curve B. Farther out, as the foothills of the Blue Ridge 
Mountains are reached, the rate of falling off increases until а 
low point is registered in the shadow of a mountain range. 

А simple theory suffices to explain this shadow effect. If the 
ground is considered to be a fairly good conductor, the penetra- 
tion of the waves will not be great, and there will be but little 
transmission directly thru the mountain. As the waves pass the 
crest and the ground falls away, the bottom of the wave front 
is stretched and the unit field strength reduced. Simultaneously 
the wave front is given a forward tilt. Since the flow of energy 
is perpendicular to the wave front, this means that energy is 
being fed down from above. The effect of the feeding down of 
energy is gradually to erase the shadow, as is brought out by 
the rising of Curve C after the mountain has been well passed. 
What occurs is probably very similar to the diffraction of light, 
altho it should be noted that the dimensions of the obstructions 
are small relative to the wave length. It is probable that if a 
hundred or more points had been taken, closely spaced along 
this northwest line, it would be continually rising up and down 
in minor undulations reflecting the shadows of the smaller hills 
and mountains. The seven points shown serve to give a general 
indication of the average rate of attenuation and to make more 
prominent the one large shadow caused by a natural land ele- 
vation. 


For a brief discussion of this method of determining the effective height. 
see paper on “Radio Transmission Measurements,” by Bown, Englund. and 
Friis, “PROCEEDINGS OF THE INSTITUTR OF RADIO ENGINEERS, ” volume 
11, number 2, page 117? 
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An effort was made to classify the data taken in the country 
districts outside the city of Washington along the two radial 
lines just discussed and along other radial lines in other directions, 
with the object of obtaining an attenuation factor or formula by 
means of which the transmission over the soil of Maryland and 
Virginia could be calculated. The wide scattering of the values 
caused this to be abandoned as impractical. During the analysis 
there was calculated for each individual point the attenuation 
factor a which, inserted. in the familiar transmission formula, 
caused it to give the correct field strength for that particular 
point. The formula is 


ad 
Field strength =377 Б € v4 micro-volts per meter, 


e 


where Л, 1», is the antenna radiation constant in meter-amperes, 
and 4 and d are the wave length and distance, respectively, both 
in kilometers. Тһе values of a obtained by this process ran all 
the way from 0.012 to 0.035, with a rough average at about 0.022. 

One method of analysis applied to the curves of Figure 3 con- 
sisted in fitting attenuation factors to sections of the curves 
which are uniform and correspond to transmission over uniform 
territory. For instance, the attenuation factor for the section 
of Curve B between Preston and Salisbury is 0.028. Thoe lan 
is low but dry and sandy. Тһе rolling upland of more mist soild 
from Gaithersburg out to Frederick (Curve C) has an attenuation 
factor of 0.009. "The over-water transmission of Curve B be- 
tween Mt. Zion and Easton shows a factor of 0.0025. This is 
relatively quite close to the 0.0015 factor of the Austin-Cohen 
formula which seems to hold well for daylight transmission over 
sea water thru a fairly wide frequency range. А simple calcula- 
tion discloses that at a distance of 100 kilometers (62 miles) from 
a 750-kilocycle (400-meter) transmitting station, the sea water 
factor (0.0015) gives & received field strength about seventy 
times as great as that given by the dry sand factor (0.028). 
This strikingly illustrates the wide variation in the attenuations 
caused by different surface conditions. 


Сітү TRANSMISSION 


In cities, where large steel buildings and similar structures 
enter as factors in transmission, the situation is much the same 
as over open country except that the effects are more intense 
and of smaller dimensions. For instance, the fact that heavy 
shadows сап be cast is well illustrated by the curves in Figure 5. 
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sweep. At their feet the earth sometimes tends to drag them 
down, and sometimes casts obstacles in their way, but the gaps 
are quickly healed as the greater store of energy above is partially 
directed downward 
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The way in which this self-healing action occurs is brought 
forward strikingly in the case of transmission northward along 
Manhattan Island. In Figure 5, Curve C gives measurements 
taken on a line running northward along Park Avenue. The 
first point at Union Square is just in front of a group of fairly 
large buildings, the effect of which 1s registered in a sharp drop- 
ping of the field strength. Beyond this, running up the center 
of Park Avenue, the drop is more uniform and less rapid. The 
high attenuation of the buildings along the avenue effectively 
prevents any appreciable healing up of the initial drop. At 
about 68th Street, a group of big apartment buildings and the 
crest of a shght hill cause another irregularity. The rest of this 
curve can best be considered in conjunction with Curve D, which 
is for a line of points up the East River. The river points were 
taken on the upper deck of a small steamer. The field strength 
holds up well until the Queensboro Bridge is approached. The 
low point, and the subsequent recovery to a smooth curve, 
account for the shadow caused by the bridge. The fact that the 
field strength over the river is much larger than that over the 
adjacent city causes a continual feeding in of energy from the 
river to the land. This is manifested in three ways:—(1) the re- 
covery and flattening out of Curve C as the action becomes pro- 
nounced, (2) the fact that Curve D shows a higher attenuation 
than for clear over-water transmission, and (3) the direction of 
wave arrival on land, as indicated by the arrows on the map, 
is deflected away from the transmitting station and toward the 
river. The definite swinging round of the waves at the boundary 
line of two areas of different characterictics is closely analogous 
to the refraction of light. At its outer end Curve D is shown 
dotted because here the points depart radically from а radial 
line to the station and follow up the Harlem River to the place 
where the two lines cross and the curves come together. 

Having thus seen with a considerable degree of clearness how 
the impediments to transmission operate in certain outstanding 
cases, and having a considerable number of measured points іп 
and about New York and Washington, we have had the temerity 
to draw what may be ealled radio field-strength contour maps 
of the two cities. It must be admitted frankly that these maps 
are at best only an approximation, and that in many areas the 
data is too meagre to do more than vaguely support the contour 
lines. But a careful inspection will usually disclose a surprising 
agreement between the loeal territorial features and the values 
of the measured points. as to where the contour lines should lie. 
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On the maps the measuring locations are indicated by crosses. 
Where loop direction was taken the cross is elongated into an 
arrow denoting the apparent direction of wave arrival. The 
value of field strength in milli-volts per meter is written beside 
the cross or arrow. The contour interval is not uniform thruout, 
but the value of each contour in milli-volts per meter is indicated 
in the usual way by а number inserted іп a short gap in the line. 

Figure 6 shows one of these maps embracing only the island 
of Manhattan. Ап outstanding characteristic is the relation 
of the contour lines to the Park Avenue and East River meas- 
urements discussed above. In the river, the contours bend 
rapidly inward toward the island until at some places on land 
in the northern part of the island the contours are actually 
parallel to the radial line from the transmitting station. 

This does not mean that the wave fronts are necessarily 
traveling perpendicular to their starting direction; in fact, there 
is some doubt as to the meaning of the term “wave front” in such 
a case where there must be а conglomeration of reflected, re- 
fracted, diffracted, and re-radiated elements. The direction 
from which the energy is apparently arriving is, however, given 
by the loop position for maximum received current. Тһе arrival 
directions, as was said above, favor the river. They also tend 
toward perpendicularity to the contour lines. In places where 
the wave travel is smooth and unobstructed, this becomes more 
strictly true—the wave fronts and the contours coincide, and the 
loop direction is perpendicular to both. 

On the west side of the city, the same heavy attenuation on 
land and the same feeding in from the river is present as on the 
east side; in fact, it is even more pronounced at some points. At 
a few points, such for instance as at Columbus Circle, the loop 
direction does not follow the general trend. In most of these 
cases there was evidence of heavy local distortion of the waves 
due to the presence of a nearby building which was resonant at 
the transmitting frequency used. 

As might be anticipated from the foregoing discussion, Cen- 
tral Park, surrounded by the city on all sides, has a low area or 
dead spot. Several contours close on themselves within this area 
and the field strength at one point drops to а value as low as it 
has 30 miles (48 km.) or more out in the country. 

Another low point is indicated near Spuyten Duyvil. This 
one lies down in a valley behind a hill, and is probably due to 
the shadow of the hill. 

In order to bring out more clearly how the various types and 
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heights of buildings affect the transmission, we have plotted the 
contours on an aerial photograph of New York City. This 
is reproduced as Figure 7. Because of the location of the airplane 
when the photograph was taken, Manhattan Island is very much 
fore-shortened. In the original plot, which is made on a large 
photographic print, individual buildings may easily be seen, so 
that the reasons for many of the peculiarities of the contour lines 
are evident. 

Figure 8 gives a radio field strength contour map of the whole 
Metropolitan area. From this map, the high radio attenuation 
of the thickly settled city is unmistakable. It gives the contours 
a roughly dumb-bell shape. Several.other features are notable. 
To the west, a marked indentation of the two outside contours 
shows the effect of the city of Newark. This is substantiated Бу. 
only a few points, but the points were carefully checked. То the | 
northeast, the contours loop out over Long Island Sound indi- ' 
cating low attenuation over the water. Perhaps the most inter- 
esting feature of this map is the way in which the 10- and 20- 
milli-volt contours approach and recede from each other. Start- 
ing at the north on Manhattan, where they are closest, and pro- 
ceeding clockwise, they spread gradually until in the residential 
district of lower Brooklyn they are well apart. Then, the abrupt 
indentation of the inner one and the slight indentation of the 
outer one show the extent of the shadow of lower Manhattan. 
For the rest of the circuit, except for the effect of the city of 
Newark, they spread widely apart in response to good transmis- 
sion over the New Jersey meadows. 

New York City, from the transmission and distribution stand- 
point, presents a “horrible example" of the difficulties which may 
be encountered. On the other hand, the situation at Washington, 
District of Columbia, is a fair example of an excellent distribu- 
tion. The complete contour map of the Washington area is given 
in Figure 9. While the effect of land and water is well marked 
on this map, the deviation of the contours from the circular form 
which they would have in the ideal case is not sufficient to con- 
stitute serious irregularity. At only one point, to the west of 
Washington, is there an indication of a real dead spot. This is 
substantiated by only a single point. Тһе measurement at this 
point was carefully made, but it was not checked and no other 
measurements were taken nearby. We were unwilling, therefore, 
to give the contours a radical shift to account for the single 
unsupported point and have left them undrawn thru this locality. 

From the information which this study has disclosed many 
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interesting and useful conclusions тау be drawn. Some of them 
are as follows: 

= 1. The radio attenuation over different kinds of earth sur- 
face varies widely. It is low for sea water and for flat moist 
ground. For dry ground, the attenuation is relatively much 
greater. In the case of closely built cities filled with steel build- 
ings the local attenuation may be enormous. 


Ѕсаіе of Miles 
ARG Tf 6 Wo 4 5 


| Же I~ < 
4 

Бао FIELD STRENGTH) — ^^ 

CoNTOUR MAP AT 


А Transmitter 
oF — Meung 


(Field Strengths in Millivolts per Meter) 


2. Sudden changes in land elevation and large masses of 
conducting material cast radio shadows which may be very heavy l 
in extreme cases. ары! 797 i 

3. Shadows cause local dead spots; but usually within a 
relatively short distance beyond, the shadow is wiped out by 
refraction or diffraction. 

All of these effects can be predicted by purely theoretical 
considerations, so it is not astonishing to find them. It is impos- 
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‘IGURE 9—Radio Field Strength Contour Map of Washington, District of Columbia and vicinity 


sible to predict the magnitude of the effects, however, on account 
of the irregular and complex nature of the transmission media 
and the lack of quantitative data on their electrical character- 
istics. The experimental study not only shows the magnitudes 
for specific cases but, as a whole, throws the picture into focus 
and provides the mind with a sort of scale or measuring stick 
which is useful in estimating the probable effects in other similar 
situations. 


SUMMARY: The paper presents the results of a quantitative study of radio 
distribution in and about the cities of New York and Washington, District of 
Columbia. The wide variations of attenuation over different kinds of terri- 
tory, the causation of radio shadows or dead spots, and the phenomena of 
refraction and diffraction are all illustrated by the data and curves. Radio 
field strength contour maps of the two territories are presented. 
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THE MARCONI FOUR-ELECTRODE TUBE AND ITS 
CIRCUIT* 


By 
Н. DE A. DONISTHORPE 


(New Уовк REPRESENTATIVE, MARCONI INTERNATIONAL MARINE COMMUNI- 
CATION COMPANY, LIMITED) 


Before I commence the subject of my paper this evening, I 
should first like to express my pleasure at having the honor of 
reading а paper before this Institute of world-wide reputation, 
the journal of which is read with such avidity by all the leading 
men in the science of radio. 

I think that I am correct in saying that up to the present 
time little or nothing has been done commercially on this side 
of the Atlantie with the four-electrode tube. However, I under- 
stand they are being experimented with at the present moment 
by the General Electric Company. Іп Great Britain these tubes 
have found considerable favor amongst the radio engineers, and 
this type of tube is now a current store issue to all the large ves- 
sels of the British mercantile marine where the radio installations 
are under the care of the Marconi Company. 

In order that this paper may be as complete as possible, it 
will perhaps be of interest to trace the evolution of the modern 
quadrode and to describe some of the early types of this form 
of tube which are interesting if only from a historic point of view. 

The classification of the different types of quadrodes now in 
existence is not an easy matter, as each individual valve may be 
said to have been evolved for some particular purpose; that is 
to say, some are utilized for the purpose of rectification only, 
and others for magnification of radio signals, while others are 
designed for the reception of continuous waves. 

Roughly these tubes may be classified into three separate 
groups, this classification being only useful from a constructional 
point of view. In every case, however, two of the electrodes 
function as controlling elements. 

This construction classification can be detailed as follows: 
~ *Received bv the Editor, January 18, 1924. Presented before THE 
INSTITUTE OF Rapio ENGINEERS, New York, February 6, 1924. 
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Туре Types of Electrodes 


Group 1 | Tubes with Two Gripsin addition to the usual 
filament and anode 


Group 2 | Tubes with Two Ахоркв in addition to the 
usual filament and grid 


Group 3 | Tubes with THREE ANODES in addition to the 
usual filament 


Due to the presence of this additional electrode in the various 
types of quadrodes, the function of the electronic stream varies 
considerably from that of the well-known thermionic current 
produced between the hot cathode or filament and the anode 
of the popular triode. It is for this reason that the quadrodes 
present an interesting study. In some types of four-electrode 
tubes there is a diversion of electrons from one main electrode 
to another; the electrons during this period do the useful work 
required to produce the resulting effects, whilst in another in- 
stance the electrons are projected by virtue of their high velocity 
to a destination more distant than the usual anode of the triode. 

The origin of the quadrode can, I think, be safely attributed 
to the genius of Majorana, who took out a patent in the United 
Kingdom for his tube in the year 1912. The circuit in which 
this tube was employed and the general arrangement of the four 
electrodes within the tube are shown in Figure 1. The tube in 
this instance functions purely as a rectifier, the quality of which 
is rather poor. 

It will be seen from the figure that the grid itself consists of 
two separated and insulated portions, A and B, which form two 
separate grids in addition to the usual filament and anode and, 
therefore, comes under Group 1 of the above table. These two 
grids, it will be noticed, are interposed between the remaining 
two electrodes. The circuit in which the oscillations to be recti- 
fied are taking place is shunted across these two elements A 
and B. 

A potential difference is then established between A and B, 
due to the oscillations taking place in the circuit, the result of 
which is to bring about an attraction and repulsion alternatively 
of electrons to and from A and B. The electrons are, therefore, 
diverted from their true path, namely, towards the anode with 
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а resulting diminution of the filament anode current. This brings 
about variations of current in the external telephone circuit 
which is directly connected with the anode and a partially recti- 
fied current of the induced radio oscillations is effected. 


у BATTERY 


Figure 1—Majorana’s Quadrode and Circuit 


In view of the fact that this is a potential-operated device 
it is necessary to employ a large inductance across А and B in 
order to produce maximum efficiency, and consequently this par- 
ticular type of tube is most sensitive when employed for the recep- 
tion of long waves. | 

Another tube which functions in а very similar manner to 
that of Majorana but of à somewhat later date is that due to 
Professor Fleming. This particular quadrode comes under 
Group 3, and consists of three anodes in addition to the usual 
hot cathode or filament. 

The mechanical construction and attendant circuit is shown 
in Figure 2. The tube, it will be seen, consists of four metal 
plates which are curved along their axes so that their convex 
faces are presented towards the filament, the filament being а 
short, straight vertical wire made of tungsten situated in the 
middle of the four plates. 

The one pair of diametrically opposite plates А and B are 
Joined together externally and constitute one single electrode and 
are known as the collecting plates. Тһе second pair of plates 
C and D are connected directly across the receiving circuit and 
are the controlling elements functioning similarly to the two 
grids in the Majorana tube. 

Тһе function of the tube can be briefly described as follows: 

The incoming radio oscillations in the recciver produce poten- 
tial differences across C and D and thus diminish the established 
filament-anode current towards A and B, bringing about the 
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‘Figure 2—The Fleming Quadrode and Circuit 


same results as those achieved within the Majorana tube. The 
characteristic curve illustrating this section is shown in Figure 3, 
which shows clearly that the decrease in filament-anode current 


аљлоог FILAMENT CURRANT 
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Figure 3—Curve for Fleming Quadrode 
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is determined by the potential difference across plates С and D, 
so that the results obtained are proportional to the amplitude of 
the radio oscillations being received. 

Practically speaking the only difference between the Fleming 
and Majorana tubes is in their construction and position of 
electronic disturbance. 

I now come to the main feature of my paper in the description 
of the Marconi quadrode or FE I type of tube as it is commer- 
cially described. This instrument is of particular interest since 
it is now а commercial issue to radio installations for shipboard 


use. 


Figure 4—The Marconi FE I Quadrode 


This tube is used in conjunction with a special amplifier 
known as Amplifier type number 91, Figure 5, and effects a one- 
stage radio frequency amplification, rectification, and a one- 
stage audio-frequency amplification, using the single tube, and 
consequently this quadrode may be said to do the work of three 
triodes. 

Figure 4 illustrates the construction of the tube, the dimen- 
sions of which are about 334 inches (9.5 cm.) in length and 
78 inches (2.2 cm.) in diameter. The following table gives the 
electrical constants of this tube. 


Voltage Working Maximum Anode 


Across Filament 2nd Grid 
Voltage 


Filament Current Current 


ee EEO eee — — 


4.5 1.2amp. |0.75 milliamps.| 45 volts 


The tube, it will be seen, contains in addition to the usual 
grid (which is of a spiral nature) an additional grid which is оға 
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wide open mesh form and, therefore, comes under Group 1 of the 
classification table. "Тһе electrodes in this tube are known as the 
“first grid," “second grid," and "outer electrode," and external 
connections are made to.these electrodes by means of metal pips 
secured to the outside of the glass by means of plaster of Paris. 
Excluding the outer electrode this tube produces the usual char- 
acteristic curve of a fairly straight line, the second grid operating 
as the anode of a triode. 


Кісене 5--Тһе Marconi Amplifier Type 91 for use with Four-Electrode Tubes 


Having described the tube, it is next essential to trace the cir- 
cuits of the amplifier in order to illustrate clearly the functioning 
of this particular type of tube. This type of amplifier will be of 
particular interest at the present moment when the interference 
.to broadcasting is being so freely discussed by the press and 
Government Departments dealing with radio, for the simple 
reason that this amplifier, whilst producing a high degree of 
magnification, is not associated with any irradiation effect. 

Figure 6 illustrates the circuit when the tube is employed 
purely for rectification purposes. It will be noticed that the sec- 
ond grid circuit corresponds to the usual anode circuit of a 
triode arrangement and includes the usual high tension or “В” 
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battery for the purpose of establishing a steady filament-anode 
current. Now, if the first grid be given a positive charge with 
regard to the negative limb of the filament, the electrons will 
travel towards the second grid with a high velocity, and having 
due regard to the constructional design of this electrode, the 
electrons, because of their inertia, will pass thru it. 


FicvRE 6—Rectification Circuit for FE 1 Quadrode 


Now, the outer electrode, it will be seen, is connected to the 
negative limb of the filament and is, therefore, of the same poten- 
tial, so that immediately an electron passes thru the second grid, 
it comes under the retarding electrostatic charge of this outer 
electrode. 

Since there is a drop in voltage between the outer electrode 
and the second grid equal in value to the rise in voltage between 
the filament and first grid, the speed of the electron on its arrival 
at the outer electrode will be equal to the speed of the electron 
at the filament. 

Assuming the initial speed of the electron at the moment of 
emission from the filament to be zero, the velocity of the electron 
on arrival at the outer electrode will also be zero. Now, if the re- 
sulting alternating emf., due to the induced radio oscillations, be 
impressed between the outer electrode and negative limb of the 
filament, a current will flow in that circuit whenever the outer 
electrode is made positive by those halves of the oscillations giv- 
ing that potential, as when this condition is effected, the electrons 
are naturally attracted towards the outer electrode. 

This function, it will be seen, is nothing more or less than 4 
Fleming two-electrode tube rectification and the results are com- 
parable to those obtained with a crystal. The rectification cur- 
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rent arriving at the outer electrode has а saturation value of 
about 80 micro-amperes. However, with the use of the 91 type 
of amplifier, the oscillations are first submitted to a one-stage 
radio frequency amplification before the above form of rectifica- 
tion is effected. 

The circuit embodying these two functions utilizing the one 
tube is shown in Figure 7. It has already been pointed out that 
this second grid of this type of quadrode functions according to 
the principle of the anode of a triode. It is, therefore, possible 


ЕсовЕ 7—Radio Frequency and Rectification Circuits for 
FE 1 Quadrode 


to produce large variations of filament anode current in the second 
grid circuit for small variations in potential of the first grid. 
This condition naturally occurs when the potential on the first 
grid is adjusted so that the tube is working on the straight part 
of the characteristic curve, and the magnified current produced 
in the second grid circuit will have the same shape and will be 
of the same frequency as that of the induced radio oscillations. 
In this circuit there is included the primary А of а radio frequency 
transformer, the secondary B of which is in the outer electrode 
circuit. It follows, therefore, that the magnified radio oscilla- 
tions taking place in the second grid circuit will produce an alter- 
nating emf. across the secondary of the radio frequency trans- 
former, or, in other words, across the outer electrode and negative 
limb of the filament; and consequently rectification is satisfac- 
torily effected after the manner described above. 

It is possible to submit these rectified and magnified signals 
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to a one-stage audio-frequency amplification. This is obtained by 
impressing the rectified signals back on the first grid by means of 
an iron core transformer as is shown in Figure 8. The windings 
of this iron core transformer have the ratio of 1-to-1, and it will 
readily be seen that a simple low frequency triode arrangement 
follows in the first and second grid circuits. The audio-frequency 
oscillations are produced in the second grid circuit in the usual 
manner, in which circuit is located a telephone transformer. Тһе 
windings, which are located in the circuits where radio oscilla- 
tions are taking place, are naturally shunted with by-pass con- 
densers. 
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Figure S—hRadio Frequency, Rectification and Audio Frequency Circuits for 
FE 1 Quadrode 


A feature of this type of amplifier is an adjustment, within 
limits, for the elimination of “jamming” or interference. For this 
particular purpose a potentiometer is employed, the high re- 
sistance winding of which is connected directly across the fila- 
ment or “A” battery and the slider to the outer electrode thru 
the various elements of that circuit. This allows of alterations in 
the potential of the outer electrode being effected relative to the 
filament, and the well-known “limiting” effect сап be satisfac- 
torily produced. 

The actual instrument is designed to cover a range of wave 
lengths from 200 meters to 2,800 meters on spark signals and up 
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to about 12,000 meters on continuous waves. Above this wave 
length, the radio frequency amplification falls away slowly to 
about 2-to-1 at 20,000 meters. 

Figure 9 shows the actual connections of the amplifier. The 
high frequency transformer Т 1 has triple windings, all in 
series, each set having an equal number of turns in the primary 
and secondary. The first set has 220 turns each, the second 
330, and the third 1,625. In the “short wave" position the 
switch short-circuits the second and third sets, in the “600” 
position the third set is short-circuited, and in the “long wave" 
position all are in circuit. 


BARREL 
SWITCH 


| 


SHORT WAVES 
(POSITION 1) 
LONG WAVES 
(POSITIONS) 
GOO METRES 
(POSITION 2) 


92 p" 7 | 
at-a Ж 
шк 
Біеске 9—Conneetions of Type Number 1 Amplifier (Marconi) 


cach winding of the transformer T, which is the closed iron 
core type, consists of 3,000 turns. 

It will be noticed that the slider or contact of the poten- 
tiometer used for the “anti-jamming” adjustments operates over 
only half the total resistance, which is 220 ohms in all. This 18 
to prevent this particular adjustment from being too critical. 
It will be found necessary, when using this adjustment, to vary 
at the same time the filament current within small limits. 

The actual life of the tube is found to be in practice about 
1.300 hours, altho, as a general rule, it is in excess of this, and one 
of these tubes has a record of 10,000 hours. 

The amplifier itself has been eriticized by some as not giving 
а high rate of magnification, but in this connection it is necessary 
to point out that the instrument gives a maximum increase of 
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signals for feeble radio oscillations and does not respond so 
readily to strong signals, an ideal condition for shipboard recep- 
tion. It is also useful from an economic point of view in that it 
renders maximum amplification with a minimum number of 
tubes, thereby reducing maintenance charges. 

This instrument, which is fitted on a fleet of vessels running 
between England and Australia, regularly receives signals from 
the Leafield Station whilst these vessels are in Australian waters. 

I think that this example alone will conclusively prove the 
efficiency of this type of tube as a commercial asset in the radio 
world. 


SUMMARY: The paper deals firstly with the early forms of quadrodes or 
four-electrode tubes and leads up to a complete description of the Marconi 
type of quadrode or F. E. I. type and the attendant amplifier circuit. 

The amplifier described utilizes one F. E. I. tube and effects a one-stage 
radio frequency, a rectification, and a one-stage audio frequency. 

Information is detailed as to the practical experience obtained with this 
amplifier and quadrode, this particular combination now being a commercial 
issue to ships the radio installations of which are controlled by the Marconi 
International Marine Communication Company. 
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(TECHNICAL AND TEST DEPARTMENT, RADIO CORPORATION OF AMERICA, NEW 
YORK) 

The loud speaker is an essential part of a radio recciving set. 
The poor performance of either will result in unsatisfactory recep- 
tion. The theory and operation of the latter have been dealt 
with in numerous places but the acoustic problems of reception, 
even tho of great importance, have received comparatively little 
attention. We believe, therefore, the present article dealing with 
the loud speaker is one which will prove of considerable interest 
to radio engineers. 

А few years ago, Professor Сі. W. Stewart! published data on 
the performance of conical horns used as acoustic receiving ap- 
paratus. It wil also be of interest to publish similar data оп 
conical horns used for transmitting or producing sounds rather 
than for receiving. Тһе present paper contains data which are 
of practical importance since they cover the range of horn lengths 
and solid angles which are apt to be considered in practice. 

The curves show sound pressure produced at various fre- 
quencies. Тһе ear is primarily a pressure device, and for this 
reason the pressure units of sound can be associated directly with 
the loudness as perceived by the brain. 


METHOD OF TEST 

The method of testing consisted in placing the horns in a well- 
padded sound proof booth and measuring the sound pressure 
at a point on the axis of the horns about 15 em. (6 inches) from 
the mouth of the horn. A measuring system consisting of a con- 
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denser transmitter, a five-stage resistance-coupled amplifier feed- 
ing into a thermocouple and galvanometer was calibrated toenable 
sound pressure to be determined from the galvanometer readings. 
Tests were made at several different frequencies to ascertain the 
manner in which the pressure along the axis varied with the dis- 
tance from the opening of the horns. These test-curves showed 
that the sound pressure varied inversely as this distance except 
within a few centimeters of the opening and within a few centi- 
meters of the walls of the booth: From about 10 to 75 em. (4 to 
30 inches) away from the mouth of the horns the end effect and 
the reflection from the walls were of no consequence. Тһе pres- 
sure then decreased with the distance just as it would have done 
in the free, unconfined space. The curves shown in Figure 1 
are given to illustrate these results. Тһе curves show that a 
point 15 em. (6 inches) from the opening is satisfactory to avoid 
room effects. The dotted lines are calculated values. 

All the tests were made with the same receiver—namely, one 
of high impedance—operated at a constant voltage of about 15 
volts thru 20,000 ohms. Тһе results, therefore, are strictly com- 
parable. А three-electrode tube oscillator was used to supply 
the current to the receiver attached to, the horns. The oscillo- 
grams are included to show that the voltage and current waves 
are practically pure sine waves. The oscillograms also show the 
sound output from the horns as picked up by a condenser trans- 
mitter and amplified by a six-stage resistance-coupled amplifier. 
Some of the curves were taken at resonant frequencies of the horns 
and others were taken at anti-resonant frequencies. Hence, in 
the former case, any impurities are masked by the intense output 
at resonance whereas in the second case the harmonics show up 
prominently. Хо trouble from impurities occurred above, say, 
400 cycles. Our curves, then, at low frequencies are sufficiently 
correct at the resonant frequencies, but are not so at the low anti- 
resonant frequencies. At low frequencies, then, we must take 
these factors into account. Reference to these oscillograms will 
be made later. 


Horns 

Sixteen conical horns were made of heavy galvanized iron. Suf- 
ficient rigidity of the walls was secured to avoid material vibra- 
tions. The results can be taken as closely representative of 
horns with rigid walls and, therefore, the data are characteristic 
of the air columns themselves. 

The following table summarizes the horn-dimensions in cm.: 
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EXPERIMENTAL RESULTS 


The curves given in Figures 3, 4, 5, and 6 for the sixteen horns 
are shown in four groups; each group contains the curves for 
horns of constant length with varying opening. A comparison 
can also be made with constant opening and varying length. 
Still a third comparison can be made with constant solid angle 
at various lengths. The comparisons can be made at constant 
frequencies or at the fundamentals and also at the various over- 
tones of the horns. 

In Figure 2 is given the sound output of the receiver unit 
without a horn attached to it. The condenser transmitter was 
placed 15 cm. (6 inches) from the opening of the unit to the sur- 
rounding space. For this reason we can gain some information 
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as to the amplification produced by the horn. We can also use 
this receiver unit curve to assist in the interpretation of the 
curves. The fundamental of the receiver diaphragm as shown 
by the curve is 500 cycles. The peaks at the higher frequencies 
are produced by the diaphragm vibrating in some of its higher 
modes of vibration. These effects will be modified some by the 
various horns and our curves give а comparative basis for the 
horns with the unit used. 

The first group of curves gives the pressure-frequency curves 
for the horns of the shortest length, namely 34 cm. approximately. 
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These are shown іп Figure 3. Several characteristics аге dis- 
tinctly noticeable. There are pronounced peaks in all the horns. 
The two large ones in the neighborhood of 500 and 2,300 cycles 
are due to the receiver diaphragm; the others (except some of 
the “тірріев” below 300 cycles) are due to the resonating proper- 
ties of the horns. The fundamental on the basis of its wave 
length equals four times the length of the horn and should occur 
at about 270 cycles. The overtones—the odd ones only being 
present in a horn closed at one end—should occur at 810, 1,350, 
1,890, 2,430, 2,970, 3,510, 4,050 cycles, and so оп. Тһе first 
horn peak, however, is not 270, but 320 cycles. The two oscillo- 
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grams, shown іп Plate I, show that the 269-cycle peak is com- 
posed almost entirely of the double frequency term. This is due 
to the second harmonic introduced by the unit itself, which cor- 
responds to the natural frequency of the diaphragm. The 
oscillogram for the 320-сусіе peak indicates that this реак із COM: 
posed almost entirely of the fundamental. 
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Reflection of sound at the smaller openings is considerable, 
and marked resonance will occur with these openings. Reflec- 
tion is much less for the larger openings, and, hence resonance 
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will be less marked іп these cases. Furthermore, as pointed out 
by Professor Stewart,? reflection takes place along the entire 
inner surface of the horn and therefore “гезопапсе” will occur 
at all frequencies above the fundamental. 

. This phenomenon is most pronounced for horns with large 
openings, the length being kept constant. Two effects may there- 
fore be anticipated for horns of large openings. Firstly, the peaks 
at definite resonance frequencies in the curves should be less prom- 
inent because there is 'ess end reflection in the horns with large 
openings. And secondly, the large “valleys” in the curves should 
be relatively filled in or elevated because there is increased reflec- 
tion along the walls of the horns, and therefore, more reinforce- 
ment of all frequencies above the fundamental. 

With this viewpoint as a guide, it is interesting to study the 
peaks. They are sharp and pronounced with the horn of the 
smallest opening and less sharp and pronounced with the large 
opening. Using an end correction of 0.7 times the radius of the 
opening as recommended by Stewart, we find that for the smallest 
horn there should be 8 horn peaks from 253 cycles, the fundamen- 
tal, to 3,800 cycles, the 15th overtone (if we call the fundamen- 
tal 1). Assuming a simple closed pipe the peaks should occur at 
the following frequencies: 253, 760, 1,265, 1,770, 2,270, 2,790, 3,290, 
and 3,800. Of course, the resonant peaks will follow a closed pipe 
only roughly. Тһе agreement is not exact, but it 1s satisfactory. 
What has been said about the smallest horn may be repeated in 
substance for the next larger size. Неге, however, the end cor- 
rection is larger, and the peaks should occur at 221, 665, 1,110, 
1,545, 1,990, 2,430, 2,870, 3,310, 3,760 cycles, and so on. Since 
the end reflection vanishes for the higher frequencies with the 
larger openings, there should be no marked resonant frequencies 
in this region. About all that is actually observed is a "wave," 
so to speak. Such waves are, however, for example, present at 
the last four frequencies, mentioned above. "The 1,990-cycle peak 
is interfered with by its proximity to the receiver peak. The 1,100 
and 1,500-cycle peaks are properly located, but the lower ones are 
not. The fundamental and first odd overtone are too high to 
check with the simple theory for pipes which we are here using. 
Apparently the end correction of 0.7 radius is too large for the 
low resonant frequencies. Тһе 270-cycle peak is а second har- 
monic one—the first horn peak being 320 cycles. 

Horn resonance is less marked for the 15 ст. opening and still 
less marked for the 20 сіп. opening. Ав for the average sound 


? | revious citation, page 324. 
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output, however, the smallest horn gives the least, the next large 
size still more, and the two larger ones about equal outputs with 
perhaps a preference for the horn with the 20 cm. opening. One 
is not to conclude, however, that the horn with the least amount 
of resonance and largest opening will give the largest output. 
The data for the longer horns indicate an optimum opening for 
best results, in accordance with Professor Stewart’s results.’ 

The basis for consideration of the longer horns is the same 
as that given for the shortest ones tested. It should be remem- 
bered in studying these curves that the sound outputs at the low 
frequencies are small. Overtones, therefore, which are always 
generated in the receiver are particularly disturbing for the low 
frequency measurements. A peak may exist at a low frequency 
reading but the sound pressure may be due to a considerable 
extent to the overtone. This effect is not important, however, 
above 300 cycles. 

The data for the 65 cm. horns are plotted in Figure 4 in Group 
II. As we would expect, resonance is pronounced, the peaks are 
sharp, and the ratios of maxima to minima are large for the horns 
with the 7.6 cm. and 15.7 cm. openings. The horn resonance is 
much less marked for the 30.5 cm. opening and is practically 
absent for the 45.5 cm. opening. The average sound output 
from the largest aperture horn of this length is about the same 
as that from one having the smallest opening. The two inter- 
mediate horns give superior results, the larger of the two inter- 
mediate sizes have less resonance and a more uniform output. 
As in the case of the shortest horns, the ratio of maxima to minima 
approaches unity for the higher frequencies and for the largest 
openings. ; 

The peaks for this group of horns should be about 200 to 250 
cycles apart. The fundamental for these 65 cm. horns should be 
in the region of 120 or 130 cycles. The curves show small peaks 
in this region. However, the vibrational energy of the diaphragm 
is so small at low frequencies that a small sound output must 
nevertheless be the result. This is still true for the long horns 
tested. The horn will be of little value for low frequencies, even 
if it is a long one, unless the receiver unit itself has at least a 
reasonable amount of vibrational energy at those frequencies. 
This shows the importance of having a low natural frequency unit 
to give low frequencies. On the other hand, the low frequency 
unit will not vibrate with any intensity, at the high frequencies, 
which would rather indicate the desirability of a high frequency 

3 | revious citation. 
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unit. Since, for high frequencies, reflection will occur at the end 
of the horn if the opening is small, it means that the opening will 
need be rather small to take advantage of any resonance effects, 
when high frequency response is needed. In the theoretical part 
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of the paper it is pointed out that the air velocity and pressure 
are largely out of phase at the low frequencies. This prevent 
large sound radiation at such frequencies. 

In these 65 cm. horns we may call attention to the ар 
peaks at 270 cycles. The oscillograms іп Plate П show that these 
peaks are chiefly second harmonic. Those peaks at 200 cycles 
and 320 cycles, however, are chiefly fundamentals as shown by 
the reproduction. 

An analysis for the 270-cycle oscillograms was made by Mr. 
Е. W. Smith of this laboratory. The first of the two following 
equations is an analysis of the oscillogram itself, and the second 
equation is the analysis of the sound itself. The latter was 
obtained from the former by correcting for the frequency char 
acteristics of the measuring system. 


OSCILLOGRAM EQUATION 

у = 1.00 sin (w t+301°) +5.45 sin (2 «1+ 338°)+0.562 sin (3 wt 
+77°)+0.993 sin (4 wt+325°)+0.342 sin (5 wt+222°) 
+0.03 sin (6 wt +45°)+0.127 sin (7 wf + 105?) +0.333 sin 
(8 wt+320°)+0.475 sin (9 ө4--1539)--0.206 sin (10 wt 
+248°)+0.255 sin (11 wit65°) 


and for the corrected sound output: 


y = 1.00 sin (wt+301°)+6.52 sin (2 wt+338°) +0.787 sin (3 wt 
+77°)+1.438 sin (4 wt+325°)+0.513 sin (5 wt+222°) 
+0.046 sin (6 wi+45°)+0.196 sin (7 014 105°) +0.516 
sin (8 wt+320°)+0.74 sin (9 wt+153°)+0.323 sin 
(10 wi+248°)+0.4 sin (11 wit 65°). 


As stated above, the 270-cycle peak is due chiefly to the 
second harmonic, nevertheless the analysis shows that other 
harmonics, even up to the eleventh, are present to a noticeable 
degree. These equations, then, serve to illustrate the signifi- 
cance of the distortion introduced by a receiver unit and horn 
and how the original sounds may be modified greatly at the 
receiving end. 

The data for the 125 cm. horns are plotted in Figure 5 in 
Group III. The resonant peaks should be about 130 cycles 
apart, the fundamental being about 65 cycles on the basis of a 
closed end at the receiver. In the case of the horns of this length 
the peaks should occur roughly at 65, 190, 320, 450, 580, 710, 
840, 970, 1,100, etc., where the horn is considered closed at the 
receiverend. The agreement of the actual positions of the peaks 
with the predicted positions is fair. 
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For the. Group III horns, the sound output was greatest for 
the 31 cm. opening just as was the case for the 65 cm. horns. 
The horn with a 15 cm. opening gave about the same average 
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response as was obtained with the 45 сш. opening. The horn 
with the 60 cm. opening is quite inefficient compared with these 
of the smaller openings. 
Тһе data for the 180 ст. horns are plotted in the curves 
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shown. in Figure 6 in Group IV. The sound output from the 
horns with the 60 cm. and 90 cm. openings is small, the latter 
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horn giving the smaller output of the two. Тһе horn with the 
30 сіп. opening gives much larger outputs than do those with the 
larger openings. Тһе horn also gives larger outputs than does 
the one with the 15 em. opening. 
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There are pronounced resonant peaks for the two smaller 
size horns, but not for the horns with the 60 cm. and 90 cm. open- 
ings. On the basis of simple,-straight pipe theory, the peaks 
should be about 80 or 90 cycles apart. This is in agreement with 
the separation of the peaks as shown in the curves. If the endis 
considered closed the peaks should occur at approximately 45, 135, 
225, 315, 405, 495, 585, 675, 765, 855, 945, 1,035, 1,125, 1,215, 
1,305, 1,395, 1,485, 1,575, 1,665, 1,755, 1,845, 1,935, etc. Тһе 
actual location of the peaks is in quite satisfactory agreement 
with positions predicted on the basis of a pipe with one end closed. 
In discussing the peaks it is interesting and important, theoreti- 
cally, to observe that the peaks for the various horns of constant 
length occur at the same frequencies. It is also important to 
observe that resonance plays a sufficiently prominent part to 
cause as much as 3-to-1 or 4-to-1 pressure variation in the out- 
put over a very small frequency range; and for the horns with the 
smaller openings the variations are sometimes as large as 8 or 
10-to-1. Of course, such horns with sharp resonant peaks, due 
to large end reflections, are of perhaps quite limited value as far 
ав а loud speaker horn is concerned. 

We will next consider а comparison for constant opening and 
varying length of horn. Taking first the frequencies above 1,800 
cycles, the curves for the horns with 15 em. openings indicate that 
there is little preference among the four horns. The sound out- 
‚ put is essentially the same for these conical horns having a 1.6 cm. 
initial opening and a 15 cm. final opening. The phenomenon of 
resonance plays no important, or at least no controlling part, 
and all of them have little or no damping effect on the receiver 
diaphragm for this frequency range. Тһе output over this region 
for these particular horns is almost entirely a property, appar- 
ently, of the receiver itself. 

Below 1,800 cycles the horn length plays an important part. 
The average response from about 400 cycles to 1,800 is about the 
same for the four horns with the 15 cm. opening, but the varia- 
tion from this average is quite different in the four cases. Тһе 
peaks are close together for the 180 ст. horn and far apart for 
the 35 cm. horn. The results over this region for the 180 cm. 
horn can perhaps be considered the most satisfactory of the four 
horns. The 125 em. and 180 cm. horns are certainly more satis- 
factory than the two shorter ones over this low frequency 
region. This, of course, should be the case for the longer horns, 
simply because, by means of resonance, the low frequencies are 
amplified more with these longer horns than with the shorter ones. 
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Also, as pointed out in the theory, for a given low frequency, 
the longer horn will have a better power factor at the large end 
than the shorter one, and for this reason, too, the longer horn 
will radiate more sound. The question of radiation and the ^* 
effect of the matching of acoustical impedance will be considered: 
in detail in this connection in the theoretical discussion. ``- ' 


A comparison of the three-longest horns with a 30 em. opening’. ©- 


can be made. Even a casual comparison will exclude the 65 em. 
horn as far as superiority of the average sound output 18 соп- 
cerned. The superior performance of the 180 cm. horn is not only 
noticcable below 400 cycles, but is also noticeable at all other | 
frequencies where the fluctuation from the average response, due 
to resonance for small frequency, ranges (plotted as a function 
of the frequency) are relatively small. The cause of this is that 
the resonant peaks are close together. A horn of about this same 
opening but about 300 cm. long was constructed, and its behavior 
is given in Figure 7. 
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Тһе curve for this long horn, which had a 38 em. opening 
at the large end and a 1.6 cm. opening at the small end, shows 
resonant effects which are not very marked. The peaks are close 
together, being about 50 or 60 evcles apart as they should be for 
a horn of this length. Since the peaks are close together, there 
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cannot be large depressions between the peaks. The range of 
response or width of each peak is sufficient to eliminate large fluc- 
tuations within small frequencies ranges. At high frequencies the 
output from this long horn does not compare favorably with that 
from some of the short horns. The output at the very low fre- 
quencies is no greater than that of some of the shorter horns 
either. As previously pointed out, a long horn cannot be ex- 
pected to give a large response at low frequencies if the receiver 
unit itself is not designed particularly for low frequencies, even 
tho the power factor may be more favorable. 

A comparison can be made between the two horns with 
45 ст. openings and with lengths 65 and 125 cms. The latter 
is the more satisfactory, but neither of them gives a performance 
equal to that of either of the 125 cm. or 180 em. horns with the 
30 сіп. openings. Тһе effect of resonance, radiation, and acous- 
tical impedance on these performances will also be considered in 
the theoretical discussion. 

There is little to choose between the two longer horns with 
the 60 cm. openings. Neither of them is comparable in perform- 
ance with the two longer horns with the 30 cm. openings. 

As is to be expected the short horns with the small openings 
give unsatisfactory performance. We conclude, therefore, the 
optimum opening and length for the sixteen straight conical horns 
are 30 cm. and 180 cm., respectively. The practical importance 
of this conclusion is at once apparent. 

REACTION оғ Horn ом DIAPHRAGM i 

We do not desire to give in this paper an experimental and 
theoretical consideration of the reaction of the horn on the re- 
ceiver diaphragm, nevertheless, it seems appropriate to give а 
set of curves for a typical impedance analysis. For this purpose, 
we include impedance tests for the receiver unit alone and for the 
unit when attached to the 125 em. conical horn with & 31 cm. 
opening. These results are shown plotted in Group V. The 
tests cover the same frequency range as was covered in the tests 
previously described. In presenting these curves, perhaps we 
should call attention to some of the outstanding points. Тһе 
curves of reactance and resistance are given—the impedance 
analysis of them are omitted. Тһе curves show that the natural 
period of the diaphragm without the horn is about 500 cycles. 
When the horn is used the natural period decreases to 440 cycles. 
This change can be due either to an increase in the effective mass 
ог а decrease in the effective elasticity of the diaphragm due to 
the horn effect. Perhaps there is no decrease in elasticity at all, 
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but most probably an increase. Hence, the decrease іп natural 
period is due entirely to an increase in the effective mass brought 
about. by the added inertia due to the air confined in the horn 
neck. 

We note that the horn peaks at 360 and 520 cycles affect the 
reactance and resistance of the receiver unit to an extent equiva- 
lent to about one-half the effeet produced by the diaphragm res- 
onance. That is, near the resonance of the diaphragm, where 
its motion is controlled largely by its mechanical resistance, the 
reaction of the horn produces reactance and resistance changes 
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about half those produced by the diaphragm. The sound energy 
radiated, therefore, produces dissipation of energy about equal 
to that produced by the mechanical resistance of the diaphragm 
itself. Consequently we can study the horn effects by means of 
impedance analysis. 

Away from theresonant frequency of the diaphragm, the motion 
is controlled largely by either the elastic or the inertia force and 
the resistance force plays a smaller part than near resonance. 
In the same way the horn reaction will be comparatively small 
away from the region of the diaphragm resonance. The group 
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of curves shown іп V brings out this point quite clearly. Never- 
theless, the horn resonance has its effect, which is distinctly 
noticeable up to about 3,000 cycles. The marked change in the 
curves in the region of 2,500 cycles corresponds to the changes in 
the mode of vibration of the diaphragm. Perhaps these remarks 
are sufficient to illustrate the method of study employed and the 
magnitude of the effects brought about by the use of a horn. We 
shall hope to have more to say on this phase of the subject at a 
later date. 


EXPERIMENTAL CONCLUSIONS 


The following experimental conclusions are arrived at based 
on the results of the above data. 

(1) Resonance of the air column plays a marked effect for all 
the horns tested. 

(2) The frequencies at which resonant peaks occur are close 
to integral multiples of the fundamental frequency of the column. 

(3) Most of the curves indicate that the fundamental fre- 
quency of a horn closed by a receiver corresponds to a horn length 
of one-quarter wave length. Peaks always occurred at the pre- 
dicted frequency differences, as is to be expected, even up to high 
. frequencies. 

(4) The horns give considerable amplification for any fre- 
quency nearby equal to or greater than the fundamental. That 
is, the horns resonate for all frequencies equal to or greater than 
the fundamental due to reflections occurring in proper phase rela- 
tions along the walls of the horns. Тһе resonating effect is 
grestest for the end reflection. 

(5) The greater the frequency, the more nearly does the ratio 
between the maximum responses and adjacent minima approach 
unity. That is, at the higher frequencies, there is little amplifica- 
tion due to the horn resonance and it is important to observe 
that the horns have little effect on the sound output in this re- 
gion provided not too small an orifice and too ong a neck are 
used at the receiver end. 

(6) Desirable results were obtained with those horns having a 
30 cm. opening. Among the four horns having this size opening 
the best results were obtained with a horn of 180 cm. length. 

(7) Low frequencies can be increased first, by resonance, pro- 
vided the horn is long enough to bring its fundamental resonant 
frequency into this region; second, provided the receiver dia- 
phragm will respond to the low frequency currents, and third, 
by obtaining a better power factor between pressure and current 


with a long horn. 
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(8) The horn cannot of itself introduce the sound of the 
various frequencies. These must be present in the receiver un!t 
in order that the horn may produce an appreciable re-enforcement 
of them. | 2E 

(9) A long horn of appropriate shape, orifice, and end opening 
promises marked amplification of sound without highly marked 
resonant peaks thruout a considerable frequency range. 

(10) Horn reaction on receiver diaphragm due to confined air 
and to sound radiation is marked, particularly near diaphragm 
resonance. For the present, however, conclusions based on impe- 
dance analysis are deferred for future publication. 


THEORETICAL CONSIDERATIONS 


The theoretical basis for the performance of horns of finite 
lengths and various shapes has been given by Professor A. G. 
Webster.* Prof. С. W. Stewart? extended Webster's theory to 
include additional results on conical horns. The present writers 
present in this paper а further extension of Webster's work to 
include the exponential shape for finite lengths. A review of the 
straight pipe and cone of unlimited lengths is given, and some 
original work on unlimited exponential and рагаһоПс shapes 
is included. This is followed by a discussion of horns of finite 
lengths. 

We are interested in the amount of sound energy that can be 
radiated into the space surrounding the horn. If a pipe or horn 
is of infinite length so as to avoid any end-reflection, and, if we 
assume no reflection along the walls of the horn, it is not difficult 
to derive the expressions for the radiant acoustical energy. This 
has been done by Lord Rayleigh.* Dr. Slepian and Mr. Hanna’ 
have given an engineering interpretation to this work and ex- 
tended it to cover horns of exponential shapes of infinite length, 
that is, those in which no end reflections occur. 


1. THEORY or ConicaL Horn оғ UNLIMITED LENGTH 


If we follow Rayleigh, the waves may be considered spherical 
and originating from a point and progressing outwardly. Their 
velocity potential is represented, therefore, by: 


A 
----- -cosK(ct—r 1 
ф=— зК(а1-т) (0 

t “Journal of the National Academy Sciences," pages 275-282, 1919. 

§ “Physical Review," pages 313-326, 1920 

6 Previous citation. 

7 “Journal of the American Institute of Electrical Engineers"; mid-winter 
Convention, Philadelphia, February, 1924. 
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where A determines the strength of the source, т is the distance 


P 
”“ 


out and K = Е ; À being the wave length. 


If we consider the case of a cone, with the sound source at 
the vertex, (1) is replaced by 


BI E (ct—r) (2) 
wT 


where w is the solid angle of the cone. The sound radiation is 
denoted by the work done per second by the sound pressure at 
the source forcing a 'current" of air out thru the horn. The 


sound pressure is given by — 4%, P being the air density. The 
аф 


total 'current" per second is given by wr? dr Using these 


relations with (2) we get: 


аф РАКс. 
p s sin K(ct—r) (3) 
and ori — 4 (eos К(сї—т)— Kr sin К(сї—т)) (4) 


А comparison of these two equations will show that one com- 
ponent of the current is in quadrature with the pressure and the 
product of this component and the current, therefore, does not 
represent sound radiation or 'loading" as used by Dr. Slepian 
and Mr. Hanna. Тһе other component of the current is in 
phase with the pressure and their product represents power 
output in the form of sound radiation. This represents the ‘‘load- 
ing" as defined and used by the authors to whom we have just 
referred. 

The phase angle between the pressure апа the current is seen 
to be lagging and represented in Figure 9. The power factor 
is given by the cosine of the phase angle 0. It is: 

Kr 


cos 9 = VIKY (5) 


Fressare 


Toinne Toti Current 
FIGURE 9 


At frequencies sufficiently high or at values of r sufficiently 
large to make К? т? large compared to unity, cos 0 becomes unity 
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as in the case of the tube. At low frequencies ог at small values 
or r where К? r? can be neglected with respect to 1, cos 0 = К r. It 
does not become zero therefore, until zero frequency is reached. 
We also note that when г is small, that is, near the source, cos 4 
approaches zero. This does not mean, however, that the radia- 
tion approaches zero. On the contrary, it remains finite (see 
equation (6) below), because the pressure becomes increasingly 
large near the source to compensate for the change in power 
factor toward zero. This indicates, then, why it is difficult 
to obtain low frequencies with a horn. 

The power output along the horn from the source of sound 
situated at the vertex of the cone, therefore, is given by the prod- 
uct of (3) and (4). The average value of sine-square being 14, 
the power output is: | 
PE (6) 
2 о 

In the open space, of course, w=4z. The power output, 
therefore, varies directly as the frequency squared and inversely 
as the solid angle. 


Р 


2. THEORY OF CYLINDRICAL TUBE ОЕ UNLIMITED LENGTH 

We place the source of sound within the tube of cross sec- 
tional area 6. The energy is transmitted in both directions con- 
tinually (that is, with no reflection) away from the source which 
we assume to be the same as that represented in equation (1). 
A short distance away from the source the sound waves are 
plane and are of the type: 


ф-А cos K(ct—z) (7) 


Just as in the case of spherical radiation outward, near the source 
where r is small we have: 


sart А cos K(ct—r) (8) 
and also just as in the conical case where r is small (see equation 4) 
в) ТИ : — A cos K(ct—r) (9) 
dr 
So, near the source situated in the pipe we have in the case of the 
unlimited pipe where all the energy is radiated through the total 
area 20 
200? =A cos K(ct—z) (10) 
( 
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which represents the current passing along the pipe. 
All three of the cases are similar, the area factor entering in 
some way for the sphere, the cone, and the pipe. 


Whence, 
A $ 
4Ф- 5 cos K(ct-z)dz (11) 
or 
ф- БЛ K(ct—z) (12) 
2cK 
Therefore 
dé рАс E 
pm cos K(ct—z) (13) 


and the pressure and current are in phase. 
The power radiated in both directions from the source at 
т=0 18: 


P- (2 23 ( -p22 | T€ [current Xpressure] (14) 


This is similar to the relation in mechanics whereby the product 
of velocity, force, and time gives the amount of work. 
Substituting (10) and (13) into (14) we get: 
2 
_?А*с (15) 
where 15 has been substituted for cos? K ct. As pointed out by 
Rayleigh, if.a rigid barrier is placed in the tube near the source 
so that the energy is radiated in one direction only, the total 
radiation will be doubled, because by deflection the pressure 
itself is double while the total current remains unchanged. In 
this case 
Р А?с 
Puer (16) 
The radiation, therefore, varies inversely as the cross section 
and is similar to the cone where we saw it varied inversely as the 
solid angle. That is, біп the straight pipe case is analogous to 
the solid angle in the case of the cone. In the pipe, however, 
the radiation is independent of frequency and the current and 
pressure are in phase at all frequencies. Radiation, therefore, 
along an infinite pipe, is constant at all frequencies. 


3. THEORY or EXPONENTIAL Horn or UNLIMITED Гемстн* 
In Appendix I we show how Professor Webster derived the 
equations for the exponential horn fron his general equations 
“Тһе parabolic horn is an interesting case and is treated in Appendix III. 
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for horns of any profile whatever. In this appendix we show 
that, if ф is the velocity potential, =; vA K*—m, K=2z 


divided by 2, the wave length, m is the exponential coefficient 
in the horn equation, area (с) =initial area (со) times €”7, then 


=: 2 [Acas(nt—gz) +В cos(nt--g хт) (17) 


for the waves in both directions along the exponential horn. 
It is of considerable interest to note that the general solution for 
plane waves of the type 
а ф _ d? ф E 
ав dz? 5 
along straight tube in both directions as shown by Rayleigh and 
others is: 


18) 


$= A cos К(сі– х) +В cos K(ct+2) (19) 
Equations (17) and (19) are similar. Ксі= пі, but Кт does not 
exactly equal gz for g = av 4K?—m?. If m? is negligible, or the 


frequency is high, then equations (17) and (19) are identical, 
except for the exponential factor in the solution of the exponen- 
tial horn. This similarity between the exponential horn and the 
straight pipe was pointed out by Webster in his 1919 paper in the 
"Proceedings of the National Academy." 

The solution of the exponential horn given in equation (17) 
is similar to the propagation of a wave motion in both directions 
along a string where a friction term is taken into account. This 
case is treated іп Rayleigh's, “Тһеогу of Sound," Volume I, 
page 232. Тһе solution is also similar to the propagation of 
electricity in both directions along wires where the exponential 
factor in the present solution corresponds to the attenuation 
factor in the electrical case. Consequently, the exponential 
solution in the case of sound is due to the transverse vibrations 
which are not considered in the present approximate treatment. 

If we assume that the total current flow into the small end of 
the exponential horn is the same, namely: А cos K ct, as in the 
case of the straight tube and conical horn as already treated, 
then we may write for the total current at any place in the ex- 
ponential horn (compare with (8), (9), (10), and (17)): 


mr 


2 
26о0< oP =A cos(K ct—gz) (20) 


corresponding to: 
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е 
- 


фе Е - ки cse t-ga) +g cos(K а-да) | (21) 


~ о 


T TM d | 
Since the pressure is given by -2c where p is the air 


density, we get from (21) 


dọ РА € ?cg 
di 2с, К 
In passing we desire to point out that these equations cor- 
respond to equations (78) and (79), published by Slepian and 
Hanna in their recent paper. The power radiation is given by 
the product of (20) and (22) and is 


ZEN m 
4 
=== (23) 


m. сі-4:)- zE ct-92)| (22) 
L 


2o, Е ? 
| 1 ,———— 
іп which we have substituted the value of 9-75 V4 K'—m? 


In this product 12 has been substituted for the square of the 
cosine and on the average the product of the sine and cosine 
terms does not represent power radiation. 

А comparison of equations (20) and (22) shows that there is 
a leading current as shown in Figure 10 and by equation (24): 


соз б = E. -ү1- m? hose | 
| т? ақ: А 4 п? (24) 
ү IPM 
\ 4-4: 

which is identical with equation (82) published by Slepian and 
Hanna. It is to be noted that the only characteristic of the 
exponential horn which is associated with the phase relation 
between velocity and pressure is that which determines the rate 
at which the horn opens ар. The initial opening does not enter 
the phase relation. On the other hand, the initial opening of the 
exponential horn enters the pressure and power equation in ех- 
actly the same way the solid angle of the cone enters when the 
көпгес of sound is situated at the vertex, and in exactly the 
same way the cross sectional area of the straight pipe. enters 
Much care needs to be exercised, therefore, іп making eom- 
parisons and drawing conelusions as to relative merits. Fur- 
thermore, our experimental data given іп section I shows a 
distinct optimum opening апа solid. angle, and comparisons 
should properly be made between best results obtained with each 
of the various types. In the last analysis this simple theory does 
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not check experimental data for the cone and we are quite cer- 
tain that it will not check data on exponential horns. The 
theory has not gone far enough yet and we should be cautious 
about drawing conclusions from it. Nevertheless our theoretical 
deductions, therefore, are in agreement. We may emphasize 
some of the deductions that are to be drawn from this result. 
2 
When қ 1- Тк is zero, the pressure and current аге ninety 
degrees out of phase and, theoretically, no radiation results. 


Total Current 


Еісове 10 


This occurs when m? —4 K? or at a frequency the wave length of 
which is: A= =. If we take m=0.07 (a value used Бу Slepian 


and Hanna), then A= LE = 180 cm. This corresponds to a fre- 
quency of about 185 cycles. At lower frequencies the equations 
will not hold, because the power factor and power becomes imag- 
inary. We can, however, increase the power output of these 
low frequencies by making m smaller. Such a procedure means 
that a horn must have a long neck. Also since с, the initial 
opening, should be small to increase the output as shown bv 
equation (23), a small m means a long neck of smaller diameter. 
Such a procedure, if carried to extremes, would reduce the out- 
put to a large extent, particularly at high frequencies. Ав is well 
known, frequencies above 500 cycles are far more important for 
clearness of reproduction than are those frequencies below 500 
cycles. In our effort to secure a greater low frequency output in 
this way, we should be cautious in order not to go too far. 

We can make a comparison by means of our equations among 
the three types of radiators considered thus far. We saw that the 
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conical horn did not cease radiating until zero frequency was 
reached. At the low frequencies, then, the conical horn should 
exceed the exponential one, as far as the simple theory we have 
used would cover the facts. In this respect, too, the straight 
pipe also should be superior to the exponential shape at these low 
frequencies, because it continues to radiate down to zero fre- 
quency. 

If we refer to equation (23), the sound radiation at the initial 
end of the exponential horn is: 


2 

A? \ > ШІ: 
2c, К 

біпсе the velocity and pressure along the horn both vary as 


P.a- (25) 


є 2 and the area varies as € "7, this equation represents the 
total radiation along the horn and is seen to be independent of z. 
We may make use of equation (25) then, to study what happens 
under various conditions. 

At frequencies sufficiently high where К? is large enough to 


2 
make A a negligible factor in comparison, equation (25) becomes 
po (26) 


2 со 

This result is identical with that for the straight pipe as given 
by equation (16). Under this condition we may note also that 
cos 0 becomes unity (see equation (24)) and the current and pres- 
sure are in phase as was shown to be the case for the straight pipe. 
Under the same conditions, we saw that the same conclusions 
were reached for the conical horn except that the radiation in- 
creased as the square of the frequency, whereas with the pipe and 
exponential horn the radiation is independent of frequency at 
these higher frequencies. As an illustration let us use the same 
numerical figures for m (=0.07) as used above for the exponen- 
tial horn. Suppose, further, that ©. — 1 sq. ст. (perhaps too small 
a value for practical purposes, but a value which tends to favor 
theoretically the exponential horn) and that w=0.01 radian. 
Such a conical horn would have a cross sectional area of 400 sq. 
em. at a distance of 200 cm. from the vertex. А comparison 
of equations (6) and (26) shows that the ratio between the coni- 


cal and exponential horns at relatively high frequencies is given 
by: 


Р,-от 


Р. R30, 
TF. x E 
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(27) 


Substitution of the chosen values in this equation will show 
that at all frequencies above 500 cycles, approximately, the coni- 
cal horn is superior to the exponential horn. It is allowable to 
use equation (25) in making this comparison because at 550 
cycles т? is negligible compared with А?. If, therefore, m = 0.07, 
7,=1, w=0.01 and the same source of sound is used on both horns, 
the conical would be superior to the exponential not only above 
550 cycles, but also below 185 cycles as previously calculated. 
Between these two frequency limits the exponential horn will be 
superior according to our theory and the amount of superiority 
can be calculated from the ratio: 


Бе i ee (28) 


which is obtained from equations (6) and (25). These results 
are not in disagreement with those of Slepian and Hanna—they 
merely show that by slightly altering conditions, the superiority 
or inferiority of one type of horn compared with another can be 
greatly changed and the whole complexion of the problem is 
altered. We desire to point out these differences so that a better 
understanding of the problem will result and thus lead to im- 
proved types of horns. 

The results and comparison given above apply only to the 
case where the source of sound is placed at the vertex of the cone. 
Hanna and Slepian’s results apply particularly to the case where 
the initial and final openings of the cone are equal to those of the 
exponential horn. In both these cases our theoretical deductions 
are in entire agreement. Since, however, the simple theory does 
not take all factors into consideration, and since the cones with 
finite openings, other than zero, have optimum angles for maxi- 
mum output, it scems that exponential data will throw much 
additional light on the subject. 

For this purpose, therefore, two straight conical and exponen- 
tial horns were constructed of heavy gauge galvanized iron so 
that the walls would not vibrate. The initial and final areas 
and the horn lengths were the same, the latter being about 120 cm. 
Ап ordinary standard loud speaker unit was used for the middle 
and high frequency ranges. Over the middle register, the ех- 
ponential horn was distinctly superior in accordance with pre- 
dicted results. Over the high frequency region, the two horns 
performed very much alike, which is also in accordance with the 
theoretical results of Hanna and Slepian. 
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Since superior low frequencies can be obtained from a unit 
with a low natural period, one was made with a natural period of 
about 300 cycles to test the horns at these frequencies. In the 
region of 80 to 200 cycles, the sound output from the conical horn 
was many times that from the exponential horn. The cut-off 
frequency of the exponential horn was calculated to be 135 
cycles. With this same low frequency unit, the exponential horn 
became superior at about 200 cycles. These results, then, are in 
quite satisfactory qualitative agreement with the theoretical results 
which have been published by Hanna and Slepian and ourselves. 

As stated in the beginning of this section, the above results 
include a review of existing literature, and some of our own re- 
sults on horns of infinite lengths. We now proceed to consider 
some problems of horns of finite lengths. 


4. THEORY ок EXPONENTIAL HORNS OF FINITE LENGTH 


The above discussion and the work which Dr. Slepian and 
Mr. Hanna have presented apply to horns of and tubes of infinite 
length. In these cases the sound energy indicated can be readily 
calculated provided certain simplifying assumptions are made. 
We have given these calculations for the straight tube, the 
straight cone, and for the exponential horn. The equations for 
the air-current, pressure, phase displacement, and energy radiated 
from the straight pipes and cones of infinite length are in accord- 
ance with the published work of Lord Rayleigh. To this mate- 
rial there has been added the case of the infinite exponential horn 
as a result of Webster’s work and the extensions discussed above. 

However, since we are called upon in practice to deal with 
horns and tubes of finite length, the extension of the theory for 
horns of unlimited lengths needs to be carried out to cover the 
cases of practical importance. Аз has been pointed out above, 
the foundation for this extension was laid by Professor A. G. 
Webster and published in general form with an application in 
condensed form to the special case of the straight pipe, the cone, 
the exponential horn, and the hyperbolic horn. These results 
were published in the ‘‘Proceedings for the National Academy 
of Sciences," pages 275-282, 1919. Professor G. W. Stewart? 
extended somewhat Webster’s theory for the cone of limited 
length to include spherical waves and secured an equation which 
gave the ratio between the pressures at the vertex of the cone 
and those just outside the large opening of the horn in terms of 
its length and the pitch of the sound. 


* Previous citation. 


We һауе extended Webster’s theory for the exponential horn 
of finite length and have secured among others an equation for 
such a horn giving the same pressure ratio in terms of length, 
rate of opening up, and frequency as obtained by Professor 
Stewart for the conical horn. Since the ear is a pressure-respond- 
ing device and not a power-responding device, the results in pres- 
sure changes are perhaps the more useful of the two possibilities. 
The following presentation of the theoretical results obtained 
and a comparison of the exponential and the conical horns will be 
of interest. 

For this purpose we start with Webster’s equations on page 
282 of his article. These equations correspond to equation (11) 
(or the more general equation (13) with the time factor) in Ap- 
pendix I. The time factor may be omitted for our purpose for 
the present. If we correct Webster’s equation for typographical 
errors and use the quantities which we have already defined, then 
the pressure equation at the two ends and at any intermediate 
place may be written as follows: 

Рі-е 2 [Acosgx,+Bsing zi] 
Р,=є 2 [Acosga.+B sing x] (29) 


Т 


апа uiu 


[A cos g x +Bsingz | 


These equations, when combined with the time factor, include 
propagation in both directions. As shown in Appendix I, А =А, 
+В, and В = (А, – Bj) i where А, and В, represent the maximum 
pressures in the direct and reflected wave, respectively. The 
method of analysis in working with these exponential equations 
15 the same as that used by Webster in his work on conical horns. 
Since our results on exponential horns have not been published 
and since they are of considerable interest, we believe it is of 
value to present а summary of them at this time. Ав shown in 
Appendix II, we start with the above equations and derive 
equations for pressures, displacements, impedances, the co- 
efficients A and B, A, and В), etc. These equations are given 
here rather in summary form. They are worked out in detail 
in the Appendix II. | 

Professor Webster defined acoustic impedance by: 


Z- (30) 


rather than by P divided by according to the electrical 


LIS bey ty 
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analogy. Х corresponds to the total displacement of fluid. For 
the general case Webster had for the acoustic impedance of the 
two ends of a horn: 


Z= ae ere and Гу 24 (31) 

We make use of equations (29) to determine the constants 
a, b, c, and d for the exponential horn and thus arrive at the ex- 
pression for the acoustic impedances at the two ends of the horn. 
The proper adjustment of the impedances, according to Webster's 
viewpoint, at the two ends of the horn determine its efficiency in 
performing its functions of helping the radiation of sound from 
vibrating body, such as a diaphragm. 

The mathematical work involved in determining the value of 
the constants a, b, c, and d is given in Appendix Ц. If the values 
given there are substituted in equations (31) we arrive at the 
following values for the acoustic impedances of the ends: 


» 


5: . 3 қ 
Z» - (cosg L — ™ sing L)— I nad. 
5 24 | oq 


2------------------- (32) 
Ko, . m . 
2 sing L+cosgL+ —-sing L 
g p 2g 
2,( cos g L4- и. sing L) + ВА sing L 
эў, БЫЛ 0 1,+4 (со, /1,— "t sin ( L) 
gB Tı 24 


All the quantities have been defined in the previous work. 
These equations are similar to those for the Impedance of conical 
horns given by Professor Webster. A discussion of these equa- 
tions and a comparison of them with the equations for the coni- 
cal horns is deferred until the additional equations are derived. 

If X; and Хә represent the total air displacement at the small 
and large end of the horn. respectively, then, as shown by Web- 
ster: 


Py=aP,+0X, and X= c Pi+d XN, (34) 


If we substitute the values for a, b, c, and d determined in 
Appendix II in these equations and place X; 20 and Х = L, then 
9 2 ж 
the pressure at the large end is given Бу: 


*In this and the following equations we may place 
mL TAM mL 
; е |o, 


s Pug ТТ | 
No, No: 


if we so desire. 
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т 1, mL 


2 т. КВеЕ 3. . 
Р„=є cosg L-- . sing |Р + В Х,хгпд 1 (35) 
24 461 
And the displacement at the large end is given by: 
mL т Г, 
- Р, Koe | 2 А O^» D ‹ 
Х = – sing L+—e 
gi С | (36) 


С qL— "sin g L AV 
| 24 

A discussion of these two equations is deferred also until 
additional relations are obtained for the exponential horn. 

In Appendix II there has been derived the following equation 
which shows the relation between the pressure, Ру, at the small 
end of the exponential horn and the pressure, Ру, just outside 
the large end of the horn: 


mL 
P.e 2 
паше ae 
т. sa KZ.. 37) 
cosgL+— singh+ ^ sing L 
2 q В 


In this equation L is the axial length of the exponential horn, 
Ts is the area of the large opening. Z, is the acoustic impedance of 
the opening treated as a fietitious evlinder of definite length and 
an opening equal to the diameter of the large end. The equation 
for Z,is derived in the AppendizII equation (19). 82 9C A? where 
p is the air density, C is the velocity of sound and А 22z divided 


| | 1 . : l 
by the wave length. g is defined by | V/A N? т. m is defined 


е!" I 
> . 


by the exponential area, с, thus, 6-2, Our treatment 
of the opening is the same as developed by Ravleigh. Both 
Webster and Stewart used the same scheme in their theoretical 
work өп horns. 

To study the direct and refleeted waves separately and in 
combination we make use of the equations for А and В, and А, 
and В, derived in Appendix I. The following equations are 
derived for these four constants: 
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In our study with the direct and reflected waves we аге to 
work with A, and В, and not with A and В. The two former 
quantities represent the maximum pressures in the direct and 
reflected pressure waves of the type A 

_mL _ mb 
Aie #2 cos(nt—gz) and Bie. 2 cos(nt+gz) 
respectively. These equations hold only for the case where 
z=0 and х: = L, that is, the zero of the abscissas begin at = = 0. 

Since the pressure, P, equals Pa? where s is the compression 
(which is equal to 19 , we can make use of the pressure equa- 
tions (29) as shown in Appendix II, to obtain the following 
expression for the total air displacement X, at any point in the 
horn: 


ae 
X У LOT cosg 2) — 


B(sing z- 2005 0 2] 


We are now in a position to make a comprehensive study of 
the exponential horn of finite length and compare the perform- 
ance of this horn with that of the conical horn. 
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DiscvssioN OF THEORY or EXPONENTIAL Horn OF FINITE 
LENGTH AND COMPARISON TO A SIMILAR CONICAL HORN 
AND STRAIGHT PIPE. 


First, let us collect the equations we have derived for the 
exponential horn. We consider X 20 and X;- L for this summary. 

Acoustic impedances: 

Small end: 


ЕС gL— M sin g г) - ee g L 
A gi 2g eg 


OK s T 
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and for the large end: 


С g L+ ЕШ. L)+ PE sin gL 
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(32) 


Z- (33) 
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Pressure and displacement at the large end in terms of cor- 


responding quantities at small end: 
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Pressure at sni end in terms of pressure just outside large end: 
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For the pressure as a function of x we had: 


oma | 
P=: ? (Aeosg r4 D sin g x) (29) 
wnere, as shown In Appendix II, 
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for the direct waves and for the reflected waves: | 
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Finally the displacement as a funetion of . is shown by equation 
(5) in Appendix Il: 
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The general equations (32) and (93) for the impedances may 
be considered from the practical importance of loud speakers. 
For this case the small end of the horn is closed. Хо energy, 
therefore, will be transmitted bevond the diaphragm closing the 
horn. А good method to employ in order to demonstrate that the 
receiver and the end of the horn is closed is to excite a long horn 
with а low frequeney current thru the unit. The sound output 
will be quite marked if the frequency corresponds to one of the 
natural frequencies of the horn. Ifa small hole or crack is intro- 
duced at the connection between the horn and the receiver case, 
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the low frequency sound output practically vanishes. ‘The horn 
is now acting like one with both ends opened. It is astonishing 
to find that so small an opening will cause so marked an effect. 
The practical importance of exercising care in this direction is 
apparent. — ' | as MN | 

We may follow Webster and Stewart, therefore, by placing 
the impedance, Zi, at the small end of the horn equal to infinity. 
The impedance at the large end, then, can be written from equa- 
tion (33) as follows: 
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Z= NO Co ais (40) 
2 singL 
Put g= УЗ K?— m? and B=pC? К. We get, then, 
2 re В г алаа 
z,- Pe [Макси AK mien | (41) 


We observe that the impedance of the large end varies in- 
versely as its area. Since the acoustic impedance of the large 
end should be as small as possible in order to have a minimum 
reflection loss, it is necessary to have a large final opening. Тһе 
above equation is а general one to cover the whole frequency 
range. We may simplify it if we desire to study special cases. 
For example, if we consider m? small in comparison with 4 K? as 
it will be for frequencies above about 1,000 cycles for practical 
values of т, then we may write equation (41) as follows: 


Fae | 2K cot K L+m| (42) 
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When K L= Es where л» = 2, 4, 6, etc., we have cot KL = о; 


and when А L= e. where 7, = 1,3, 5, 7, etc., we have cot КІ —0. 


The former case corresponds to high frequency anti-resonance 
Where Z; is very large. The latter corresponds to: 


_ pC?m 


2 0» 


2 (43) 

which corresponds to high frequency resonance where 2; has its 

smallest value. The smallest value, then, is limited by the 
Value of m and that of the final area. There is, then, even at 
these high frequencies a wide variation in the acoustic impe- 
ance of the exponential horn. 
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The special case where 5 4/4 K?—m? approaches zero, which 
occurs at some definite low frequency, is of interest. 


Le 2 | | 
шә = у=, { 
сої 2 1/4 К? — m? can be replaced by ГАК: m: Substitute 
this in (41) and we get: 
2 
бо АЯ р +m! (44) 


Consequently, at these low frequencies near the critical frequency 
the acoustical impedance is a constant finite value and is deter- 
mined by the final opening, length, and exponential coefficient, m. 
of the horn. 

A comparison between the impedances for a straight pipe, 
the exponential, and the conical horns is of interest. Webster’ 
showed that the impedance for a straight pipe is 


8 
B 2, соз К l-- - sin Kl 
ет = (45) 


--21 sin K1+ cos КІ 


If 2, is infinity, as in the case of the pipe closed at the end, then, 
when В is replaced by pC? K 
2 
ыы РС?К 
о 


: col KI (46) 
This is the same as equation (42), provided m is zero and с = оз. 
When m is zero, the exponential horn reduces to a straight pipe 
and the reduction of equation (42) for the exponential horn to 
the form for a pipe as given by Webster, speaks for the correct- 
ness of our equations. Z»for both the pipe and the exponential 
with а small m varies between wide limits corresponding to re- 
sonance and anti-resonance. In both types of apparatus, at the 
anti-resonance frequencies, the value of Z; becomes larger with 
increasing frequencies because of the factor K. This would tend 
to decrease the sound radiation more and more the higher the 
frequency. 

А comparison of the acoustic impedance of the large end of 
the conical horn сап be made with that for the exponential horn 
also. The acoustic impedance for the large end of the conical 
horn when the opposite end is closed by a receiver diaphragm is:" 

Ze рС? К EN (1,--а) sin К d (47) 
о; sin К (L4-& — єз) 


? Previous citation 4. 
10 Previous citation 4. 
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This equation is derived from the first equation for 2; on page 
280 of Webster’s article by placing 4; = œ. In this equation 
е and €, are defined by tan К €, = К х, and tan K € = Кт, If z; 20 
then z; = L, the length of the horn. Also, if zı =0, then tan Кє, =0, 
and therefore є, 20. When х, = L, tanK €& = KL or К є, =іап-! KL. 
Using these relations, (47) reduces to: 

PCK oink Pein an кы (48) 
Ес L4-tan '! KL) 

The corresponding equation for the exponential horn is given 
by equation (41). The final opening of the two horns enter the 
equations the same way. Тһе impedance of the conical horn 
and the straight pipe increases directly with the frequency; that 
of the exponential varies in practically the same way. Hence, 
at high frequencies the reflection losses will be large, due to too 
high an acoustic impedance for the three types of devices con- 
sidered here,—each performing in essentially the same manner. 
Because of this, the horns are more efficient the lower the fre- 
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quency. 
We shall next consider equation (37). It may be written: 
mL ——— 
P;=P 2 eos VAR om Lt Tag Sin - МК? т? L 


2 ов: KZ, 
— 2 2 49 
+8074 К:— 5811; ; УА Кіт — т? L (49) 


The impedance, Z,, of the ia end treated as а tube of finite 
length radiating into the outside space as given by equation (19) 
in Appendix II is: 
go (Ki 3 

Z,-pCK (E - E (50) 
In this equation C, is the acoustic conductance of the opening as 
treated and defined in connection with the development of this 
equation in Appendix II. 1 is the square root of (minus one), and 
merely means that the vector sum of the two terms of equation 
(50) should be taken. Тһе absolute value of Z, would need to 
be used in equation (49). To use this equation we would need 
to know the value of C,, the acoustie conductance of the open 
end treated in the manner stated. If R is the radius of the open 
end, then Rayleigh on page 181, volume 2, '"Theory of Sound," 
gives 
zh 
"xs 


= 
= d. 
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lm. 
The special case where 9 4/4 K?— m? approaches zero, which 


occurs at some definite low frequency, is of interest. 


Ls 2 o "m 
cot о 4/4 К? —m? сап be replaced by LAAK m Substitute 
this in (41) and we get: 
e 44 
Zs 22. 2] ( ) 


Consequently, at these low frequencies near the critical frequency 
the acoustical impedance is a constant finite value and is deter- 
mined by the final opening, length, and exponential coefficient, m. 
of the horn. 

А comparison between the impedances for a straight pipe, 
the exponential, and the conical horns is of interest. Webster? 
showed that the impedance for a straight pipe is 


В 
И, сок К [4+ - sin Kl 
о 


—Z,sin К [+ P cos K1, 


If Z is infinity, as in the case of the pipe closed at the end, then, 
when В is replaced by pC? K 

T 

gne d. IO (46) 

c 
This is the same as equation (42), provided m is zero and 9 — оз. 
When m is zero, the exponential horn reduces to a straight pipe 
and the reduetion of equation (42) for the exponential horn to 
the form for a pipe as given by Webster, speaks for the correct- 
ness of our equations. 22 for both the pipe and the exponential 
with a small т varies between wide limits corresponding to re- 
sonance and anti-resonance. In both types of apparatus, at the 
anti-resonance frequencies, the value of 2. becomes larger with 
Increasing frequencies beeause of the factor A. This would tend 
to decrease the sound radiation more and more the higher the 
frequenev. 

А comparison of the acoustic impedance of the large end of 
the eonieal horn сап be made with that for the exponential horn 
also. Тһе acoustic impedance for the large end of the conical 
horn when the opposite end is closed by a receiver diaphragm 18:10 
PNE A E K (L8) sink d (ат) 

= O> sin K (+ е) 


9 Previous citation 4. 
10 Previous citation 4. 
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This equation is derived from the first equation for 2; on page 
280 of Webster's article by placing 2і- о. In this equation 
€, and є, are defined by tan K є = Е zi and tan КЕ, = Ka. If x, 50 
then т» = L, the length of the horn. Also, if z; = 0, then tan КЕ = 0, 
and therefore є, 20. When 2 = L, tanK &= KL or КЕ, «tan-! KL. 
Using these relations, (47) reduces to: 

Z p C? KFsinKLsin(tan ! KL) (48) 

= Ета 


Өз 

The corresponding equation for the exponential horn is given 
by equation (41). The final opening of the two horns enter the 
equations the same way. The impedance of the conical horn 
and the straight pipe increases directly with the frequency; that 
of the exponential varies in practically the same way. Hence, 
at high frequencies the reflection losses will be large, due to too 
high an acoustic impedance for the three types of devices con- 
sidered here,—each performing in essentially the same manner. 
Because of this, the horns are more efficient the lower the fre- 
quency. 

We shall next consider equation (37). It may be written: 
P pies А 41 4L? 29 = ыгы = 1 4? »*L 

371,35 = (ее AK m2 Lt Gt sing уз m 
x2 


The impedance, Z,, of the large end treated as a tube of finite 
length radiating into the outside space as given by equation (19) 
in Appendix IT is: 

Zo= pC? K? (2: E ) (50) 

Жее (Ce 

In this equation C, is the acoustic conductance of the opening as 
treated and defined in connection with the development of this 
equation in Appendix II. ¢ is the square root of (minus one), and 
merely means that the vector sum of the two terms of equation 
(50) should be taken. The absolute value of Z, would need to 
be used in equation (49). To use this equation we would need 
to know the value of C,, the acoustie conductance of the open 
end treated in the manner stated. If X is the radius of the open 
end, then Rayleigh on page 181, volume 2, “Theory of Sound,” 
glves 


Experimental data Шы page 202) indicated that 
zh 
0.6 


which we can use in equation (50) to determine Zo. 

At the higher frequencies, m? can be neglected compared with 
4K?. И m?=0.005, then when 4K?=0.05 ог К =0.11, correspond- 
ing to about 600 cycles. Equation (49) can be written: 
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То get this equation from (49) we made the following sub- 
stitution 


2K o.Zo я (E L) 


BAK um прои 
which is legitimate for the high frequencies which we аге con- 


sidering. In a typical example of practical value, = will be 


Co 
negligible compared with > 2, % will be perhaps 2,000 sq. cm., 
5 А т А "NE : о. K? 
in which case ӘК will be negligible compared with -7--. 

Introducing these restrictions Іп (51) we get: 
mL 
P;=P,€ 2 (ек та А? ЕЙ (59) 


The coefficient of the second term is large compared with that of 
the cosine term and the pressure just outside the horn shows large 
increase over that at the small end due to the phenomenon of 
resonance. Тһе minimum value of Р; will be determined Бу 
cos K L, and will occur at frequencies corresponding to 2, 4, 6. 
etc., times the fundamental апа the maximum value of P; will 
oceur at frequencies 1, 3, 5, 7, etc., times the fundamental. In 
this respect the pressure outside the large end of the exponential 
horn follows the changes in acoustic impedance of the large end 
but in the reverse direction. That is, increased pressure occurs 
with decrease acoustic impedance and vice versa. 

At the lower frequencies we must use the more general rela- 
tion given in equation (49). This equation shows the same 
resonant and anti-resonant frequencies as did the restricted equa- 
tions (51) and (52). In the latter case, however, there was a 
harmonic relation of the resonant frequencies. In the former 
case, however, the maxima and minima of the sine and cosine 
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terms occur when , s VIR? т? L= э” where n is 0, 1, 2, 3, 4, 


4 oo 
Vne дл? т? L? 
minima of the sine and cosine terms of equation (49). 

The special case of n —0, that is, (/4 K?—m?=0 is of interest 
and has been discussed in connection with the impedance of the 
open end. Wealso encountered this case for the exponential horn 
of infinite length КЕ the phase angle between the current and 


. This relation gives 4=— for the maxima and 


pressure became > о = and the power radiation became zero. In the 


case of the pressures under discussion here, when №4 K?—m? ap- 


proaches and finally becomes zero, all the terms in (49) remain 
finite and the pressures are therefore finite. When, however, 
4/4 К*— т? becomes imaginary, as it does at low frequencies, 
then equation (49) becomes 

=" a 1 
Рұу-Рі 2 Ес Мт#—4 K?L + у" MESE 


2c Zo К (53) 
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To arrive at this relation we substituted sin i z—i sinh zr: 
cosiz—coshz and 4/4 K?—m?=1 Мт? —4 K?. We see, therefore, 
that the pressure, Рҙ remains finite at these low frequencies, but va- 
ries continuously. Thatis,thereare no resonant effects for frequen- 
eies below the critical frequencies. At the very low frequencies 
4 K? can be neglected compared with m?. In this case for a mod- 
erately long exponential horn with an m equal to about 0.07 the 
hyperbolic sines and cosines are practically equal. Тһе coefh- 
eient of the second term reduces to unity, in which case the 
first two terms combine, but their coefficient is negligible com- 
pared witb that of the third term. "This leaves: 


m2 m Es т І, 
Р.=Р, $ * PAR (E 23 sinh ? (54) 
n Le. Cs 
where, for 
KZ 
Ву т? -4 K? 


we аге permitted for this case to substitute 
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This same equation (54) also is sufficiently accurate at the 
critical frequency because the first two terms are small in com- 
parison with the third one. Consequently the variation in Р; 
with frequency at these low values of frequency is determined 
by the change introduced because of K in equation (54). The 
lowest limit of Р; is obtained when К is placed equal to zero, 
when the pressure P; becomes equal to zero. 

As stated earlier in the paper, we are interested mainly in 
pressure changes because the ear itself responds to pressure 
changes in the air and also because we are able to make experi- 
mental tests on such pressure changes. For these reasons in the 
diseussion of our theoretical work we have given much space to 
studying these effects. Furthermore, the amount of sound energy 
radiated into the surrounding space is directly associated with 
the acoustic impedances of the large end of the horn. It is for 
this reason that much consideration has been given to a study 
of acoustic impedances. 

It is of interest to compare Professor Stewart's pressure equa- 
tion for the conical horn with our equation for the exponential 
horn. He had (equation 2, page 322, “Рһувіса! Review," 1920): 

R Р, 
Due i er НЕС ЕТЕ - 
sen Kr ER 2) (55) 
Кт r sin Ке 2z Co 

where tan€=Kr, r being the length of the horn. Тһе other 
quantities involved in this equation are the same as used by us 
to derive equation (37). Reference may be made to equation 
(19) in Appendix II to see that we use the same expression for 
Z, as used by Professor Stewart. Equation (55) shows the same 
type of resonant phenomenon as does our equation (37). In the 
conical horn equation, however, there is no “critical” frequency 
as found for the exponential case; neither is there an exponential 
factor as obtained in the exponential pressure equation. At very 
low frequencies (much below the fundamental of the horn) 
equation (55) can be replaced by: 


P,- P, E nr (4 - 31 (56) 


which corresponds to equation (54). 

But, for these small values of К г, Ke = ап-! Ктсап be replaced 
by Кє= Кт ог ¢=r. Whence at all the very low frequency region 
where this condition is satisfied,equation (56) states that Р, = Р, 
and is independent of the horn. This is not the case for the ex- 
ponential horn as shown above where Рҙ-0 at zero frequency. 
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At the high frequencies where Кт is large (say for all frequen- 

cies above 1,000 cycles), where r is about 200 cm., equation (55) 
"Қ | 

сап be modified. The term ы сап be neglected. Since Ar 

is large, tan Ke is large, and, therefore, Ks can be placed equal 


-- 
ae 4v 


to о. In this case sin К Е is essentially unity. Also, since A == 2 


it means that € is about 7 or 8 at 1,000 cycles and becomes less 
with increasing frequencies. Consequently, if r is 200 cm. 
(r—€) can be placed equal to r. With these simplifications equa- 
tion (55) can be written 


Ру ©, т EE i) 

PO в (92 C oy 
The higher the frequency, the more accurate this equation be- 
comes, finally taking on the form, 


Ру oh sinKr 
P, Е 2 тг (58) 


because of the relative smallness of ES at these high frequencies. 
0 


Consequently, the resonant frequencies are harmonic апа соп- 
tinue up to these higher frequencies. The performance, then, of 
the exponential and conical horns are quite similar at these high 
frequencies. A comparison of equation (52) with (58) shows both 
the similarities and differences at these high frequencies between 
the two types of horns. 

A word as to the reflection effects and to the energy in the 
direct and reflected waves will also be of interest. А detail re- 
port of these effects is reserved for a future publication. For the 
present, however, we may call attention to the equations for the 
coefficient of the direct and reflected waves given in (38). From 
these equations the ratio of the pressure coefficients for the re- 
flected and direct waves is: 


Bi " Жегі [sing L+i cosg L| - Psi (59) 
ч Ре? [sing L—i cosg Д--Ра 
But the absolute value of 

sing L+i cosg L= vV sin? g L+cos?y L=1 
and the absolute value of 

sing L—i cosg L=~/sin?g L+cos?g L == ] 
so that: 
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' Ре 2 +Pyi 
If equation (35) is substituted for Р» in terms of Р, it will be pos- 
sible to make a comparative study of the ratio of reflected to 
direct pressures. Other equations may be developed, but these 

are sufficient to indicate the direction the investigation takes. 
А study of energy radiations at the large end can be 
made by means of equations (35 and (36). To do this, it 
is first necessary to secure the total “current” from the total 
displacement Х.. This is done merely by using the ү in- 
stead of X». It is necessary first to put in the time factor in both 
equations (35) and (36) corresponding to equation (13) in Appen- 
dix I. The results of this study, however, will be presented with 
experimental data in a future publication to which we have just 

referred. 
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APPENDIX I 


WEBSTER's DERIVATION OF EQUATIONS FOR EXPONENTIAL HORNS 


The general equation for wave motion in three directions is 
given by the familiar equation: 


а. Фф do dd 
dt? SÉ VC ELE dz? (0 
ф is the velocity potential for sound waves. For plane waves 


we use 


d? ф xu ф у 

9 =C > (2) 

dt? d x* | 

To derive his general equations for horns of various shapes, Pro- 

fessor Webster introduced a variable cross section, б, varving as 
a function of х. Introducing ø in (2) we get: 


PD 0641 4( 4%) 
d t hs BO | (3) 
ve 43% _ 2 1 ф 1 dodo : 
UT ЕГЕ нА а) 
whence do ‚| Cd d (log c)dé 5 
dt? е [ dx dr 2 
For the exponential horn: 
gps (6) 
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so that d 
—(loga)=m ( 
= 9 ) ` 
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Introduce this in (5) and we get: 


PO o EP m (8) 


dt? Талх? ax 


For potentials of the harmonie type, such as ф o ="! we have 


а%- 


rs — пф. With this change equation (8) becomes 


d* ф d 


dr? da 


tm © +h?d=0 (9) 
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Rm. di 25232 : 
where А?= |, = | | ) where 4 equals the wave length. 


To solve this equation we assume the @ is proportional to 


ат 


£^" and substitute in (9). We get two roots -determined by 
а+ т а+ К? = 0— ог a; namely 


m | ~ m 7 = 
Я, Nd An and a= = ле SV К*-— т". 


For propagation іп both directions, therefore, the solution 
of (9) Is: 


Ф=А, =" * Бу (10) 


or, in trigonometrie form: 
mr 


p=: ?[|4cosg z4-B sin g xl (11) 
| ЖЕ 
where A=A +B, В = (А, = В) and g= SVEK n. 
We should observe that A, and В, take саге of the direet and re- 
flected waves, respectively, but A and В do not. However, we 


тау introduce the time faetor in (10) and thus obtain the general 
solution of equation (8). Thus 


тү ү 
фе 2 [A Вор i 
Remembering that: 
cosantisinaxr=e" and соха хна", 
w get for (12) where only the real portion is retained: 
ф-е 2 [A,cos(nt—g x) + В, cos(nt+y a1] zz 


The equation (11) was published by Webster in his article 
referred to. It is only a step to equation (19). The first factor 
takes care of the wave motion in the outward direction, while 
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the second term represents the reflected wave. А comparison 
of А, and B,, therefore, enables us to study the reflected and 
direct wave. When, therefore, we considered the propagation 
іп one direction we studied a special case of Professor Webster's 
more general equations. This, of course, is what we (and Slepian 
and Hanna, independently) have done in section 2 of the paper. 


APPENDIX II 


ANALYSIS OF THE EXPONENTIAL Horn BASED ON WEBSTER's 
GENERAL METHOD 

The equations given in ГЕНЕ I are entirely due to Webster. 
The equations giuen in this section, altho based on Webster’s meth- 
od of analysis, are new and of considerable importance in the study 
of horns. For this reason we believe it is worth while to present 
here a summary of this work. 

If P, Pi, and P; are the sound pressures at any point along 
the horn, at the initial end and at the final or large end, then 
according to equation (11) of Appendix I, we may write: 


Р= Аи+Во, Р, = А ш+В 1), and Ру-А wtb (1) 
where и (g г) and v (g х) are independent solutions of equation 
(9) іп Appendix І. Тһе pressure, Р, is equal іо -РС:49 where 


q is the displacement of air, p the density and C the velocity of 
sound. We can make use of this relation to determine equations 
for g. A comparison of (1) with equation (11) shows that 


an кА ы (2 
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If we write, therefore, 
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we obtain 
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whence 
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Parenthetically, we may include the total displacement 
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X 2 —q9g) by means of the following equation obtained by multi- 
plying the two sides of (5) by 9 and dividing by p C*. Thus, 


тт 


c 2 | m 
Х-- =: | a(sing ae cosg 2) 
>: 2g (5^) 


m 
+B (sin (7-- -С0847 
0 24 0 


On the other hand if we differentiate (2) with respect to (g х), 

(not г) we find that equation (5) сап be written: 
Ва= А и +В 

and therefore Bq = 4А м! +В г! and В = А "T (6) 
where 8=p(? Ж. Equations given in (1), (2), and (6) аге 
used in developing the results which are to follow. 

For convenience of manipulation the following determinants 
are defined and used: 


= 717 р, = Uy Го р и 0 
у= = з- 
1 1 (7) 
112 Uo 141 0 Шу à 
{= 1 11l? D; т , Ds == 1 1 
и 1} Us Го Un’ Vo 


With these definitions, the following four constants are 
defined: 
р, B Р» 0» De с. D: ; 
Tome hr, CRS улун = ee (8) 
3, Di B D, 71 D, 
where 3, represents the small opening and ^ the large one of the 
exponential horn defined by с= 9; 6", Using the equations 


given by (2) we find from (7) that: 
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т 
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т 
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A 229 
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Substitute these in (8) and we find: 
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In the general case Professor Webster showed that the 
acoustic impedances of the two ends are given by: 


Z= сас for the small end 
| н " 
an ELO tm 
25 = Zc та" the large end 


He derived the expressions for Zi and 2 for the conical horns. 
If we substitute our values of a, b, c, d, in equation (11) we arrive 
at the corresponding equations for the exponential horns. If 
we place r:— x, = L, the length of the horn, then we get for the 
impedances: 
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K 
Z, co gL— M sin g L) — A gL 
Z=’ 2g cg 
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n | 
Z: = sin д L+cosg L+ a inal 
g B (12) 
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We now extend the analysis to secure a relation between the 
pressure, Ру, at the small end of the horn and that, Рз, just out- 
side the large end. This analysis is similar to one used by Pro- 
fessor Stewart for the conieal horn and published by him in the 
"Physical Review” for 1920, pages 313-326. 

As the air passes from the end, Хо, to the surrounding space. it 
does so by effectively passing thru a short fictitious tube the length 
of which is AL, known as the end correction, and the diameter 
of which is that of the large end of the horn. At the initial end 
of this tube the pressure is P», and that at the other end is P. 
There is thus a change in pressure, Р – Рз, thru the length of this 
fictitious tube. If we call Z, the acoustie impedance of this 
"tube," then by definition 


X.Z. = Р,-Р;-Х.2,-- Ру (13) 


where Хо is the total displacement (оз (з) in the “tube,” being 
the same as that at the end of the horn. From (13) we get 


. Р, 
22 14 
Х-%-% (14) 
or Р.7, 
= 15 
Р. 2-7 (15) 


which is а general relation for all horns. Іп Webster’s paper he 
showed that for the general case: 


P,=aP,+bX;, (16) 
which we apply to the exponential horn by using the values de- 
termined above for the exponental case. From (15) and (16) we 


eliminate Pe, place Х, = P and substitute the second equation 
1 
of (11). This gives 
Р, 
an 17 
A a—cZ, ( ) 
corresponding to one of Professor Stewart’s equations. We sub- 
stitute the values of a and c given іп (10) and arrive at the fol- 
lowing equation for the exponential horn; (in this equation we 
have placed х, = 0 and 2 = L): 


Р = 
„К 18 
со8 0 L+ освіта Lo %7 1 (18) 


' Professor Stewart Hut a similar equation for the conical 
horn which, in connection with our equation, is discussed in the 
paper. All the quantities involved in this equation have been 
defined. Тһе equation cannot be made use of, however, until 
we can calculate Z.. 

This has been done by Lord Rayleigh in his second volume 
of "Theory of Sound." He showed that if air is passing thru a 
short tube the acoustic conductivity of which is Со, the inertia 


of the air gives an apparent mass factor of us He also showed 
0 


that if air escapes (that is, sound is radiated) from a circular 
cpening into the outide space, o energy radiated gives a dissi- 


pational pressure coefficient of =- where n is Әт times the fre- 


9:С 
quency, р is the air density, and С is the velocity of sound. The 
acoustic impedance, therefore, in the sense we are using the term, 


of such a tube radiating sound energy into the surrounding space 
18: 


_ Pr pn? Ki 1.) 
ышы ОР (> - С, (19) 


where К = | 


This reason For this equation will be clear if we consider the 
mechanical case for vibratory displacement, corresponding to 
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acoustic displacement. In mechanics we have the familiar 
equation 


dg dE к 
modo qal (20) 
If /-Ғе" and £-£,e", then 
F 
— ден 21) 


s—mn?-rirn 


The denominator of this equation represents the mechanical 
impedance and if s is zero, this impedance is given by: 


„= —mmn?-irn (22) 
In the acoustic analogy, т is replaced with "E and the re- 
sistance coefficient, г, is replaced with —— .- In the acoustic 


= 4 
definition the pressure is equal to the product of the air displace- 
ment and the acoustic impedance. Hence, 3 is the pressure 
2 

per unit acceleration and ; ze is the pressure per unit velocity. 
Further reference to this work may be made to Rayleigh, “Theory 
of Sound," volume II, pages 193-194, equation 3 (where X is 
unity) and page 172, equation 1. Equation (19), then, can be 
used to determine Z, which occurs in equation (18). 

To study the direct and reflected waves we use equation (1) 
from which we get: 


Р, vı Piu 

Pov P ‚ 
dcs а E (23) 

01 141 01 141 

Vo из | Vo Ue 


Whence, if х, — 0 and x:= L, and if we substitute equations (2) 
in (23), we get: 


тр 


| 2 
=-Р, and parc En P, 


е 2 singL 


(24) 


Іп Appendix I we saw that: 
A=A,+B, and B= (A,- В!) (25) 


where A, is the maximum velocity potential of the direct wave 
апа В, the maximum of the reflected wave. In a similar manner 
we can apply this relation to the maximum pressures produced 
by the direct and reflected waves in the pressure equation 
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mE zm 
P=A,e ? cos (nt—g x) +В, є d cos (nt+g х) (26) 


which is obtained in the same manner as equation (13) in Ap- 


pendix I. 
From equation (25) we get 
В, А i—B 
А, Ai+B (27) 


If we substitute the results of equation (24) in (27), we get, 


after reduction: 
mL mL 


B, —iP,e ? singL+Pye 2 cos gL-4- P 
d NC сыы E (28) 


—iP,s 2 singL—Py: ? cos gL-- P, 

In this equation the square root of (—1) occurs, so that in 
getting absolute values of the ratio of the reflected to the «direct 
wave it is necessary to take the vector sum of (28). By means 
of the above ratio, we can study the reflection effects for the 
exponential horn. 

From equation (25) we also get: 


Ai=}(A-Bi) and B,= : (4--В1) (99 
In these we substitute equation (24) and get: 

mL 

a (Рт up А 
22 sing L 

and ; (30) 
mL 

1 Pye * cog L—Pa 
һ-1(-в- | mI 


е ^ singL 

Using the absolute values of these equations we are able 
to make a study of the maximum values for the pressures in the 
direct and reflected waves separately. 


APPENDIX III 

The parabolic horn offers ап interesting contrast with the 

straight pipe, the conical, the exponential, and the hyperbolic 

horns. In the case of the parabohe horn the area varies directly 

as the distance x from the small end of the horn. The velocity 

potential can be written as a function of x and 2, according to 
Wobster. 

d'p «Іюшсаф dd (1) 


d x? dr аг dt? 
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Since, in the parabola, © = 9i х, then =- (log €) = 1, 


Substitution іп (1) gives for the parabola 
аф 1аф а?ф 
dz? E dr dt (2) 
This is a familiar equation met with in vibrating diaphragms, 
drum heads, and the like, and has been treated in a number of 
places.! It issolved by placing $ =X Т, X being a function of х 
only and T being a function of t only. Substitute in (2) and we get 


4-С2Т-0 (3) 
ХІХ ү, (4) 


ах? ' тах 


The general solution of the former is 


and 


T=AcosKat+Bsin Kat (5) 
Equation (4) is the Bessel equation of zero order and its general 
solution is Х=СЈ, (х) +рүҮ, (2х) (0) 


Consequently the general solution of (2) 15 
ф= [C Jo(z)+D Y, (x)] [A cos Kat+B sin Ка] (7) 
аф | 


The pressure is, ы т. ог 


P=-—[CJ.(x)+BY.(x)|[—AKasinK at4- B Ka cos Kat] (8) 


and the velocity is F , Or 


—V=—[C Jı (х) - D Yi (x)| [A cos К at+B sin K at] (9) 


On the average, the energy radiation is proportional to the 
product of (8) and (9), which is zero because the pressure and 
velocity are always 90° out of phase. The accompanying figure 
shows the result diagramatically. Such a case as this is unusually 
interesting and is highly suggestive. 

It is interesting to observe that equation (8) is identical to 
the solution of the general equation for the vibrating drumhead 
or diaphragm. There are, therefore, “modes”? of vibration in 
the infinite parabolic horn corresponding to the roots of the Bessel 
functions just as there are modes of vibrations for a vibrating 
diaphragm with which we are familiar. 

In case we have a parabolic horn of finite length, we can pro- 
eeed as in Appendix П and derive a number of interesting results. 

1Ravleigh, “Theory of Sound,” volume I, page 318, artic le 200, equation 
(1), where М 18 independent of 8. Вуегіу,  “Копгіег?з Series and 3 ~pherical 


Harmonics.” page 12, article 11. Gray and Matthews, ‘Treatise on Bessel 
Functions,” chapter X. 
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If we do this, we observe that uw=J, (Кг), uw=J. (Kz), 
Us = J (Каз), v= YKr), t= Y, (Kx), У, (Кх), ш= —J (Kr) 
цу! = —./, (Kx), 11 = — J, (Are), v= – ү, (Кг), 

"= — Y, (Kx), and г! = —Y, (Куә). 


> 


9; 


With these results we can derive the expression for а, b, с, and d 
In equation (8) Appendix II. We can then derive all the equa- 
tions for the parabolic horn of finite length. Тһе resulting equa- 
tions will all be of the Bessel funetion types and consequently the 
variations. with frequeney and distance will not be determined 
bv the roots of the simple sine and cosine funetions, but by the 
roots of the Bessel funetions. The resonant effects, therefore, 
will be of a distinct type and unlike the usual ones which occur 
for horns of the usual curvature. Since the parabolie type of 
horn offers. results the practical application. of which require 
considerable imagination, it is felt that the detailed results need 
not be here given. 


SUMMARY: (1! Experimental: By means of a vacuum tube oscillator to 
operate a loud speaker unit and a calibrated condenser transmitter, resistance- 
coupled amplifier, and a thermocouple and galvanometer, tests have been 
made at various frequencies to obtain the sound output from straight conical 
horns. The horns were made of heavy galvanized sheet iron and include 
lengths from 30 cm. to 305 cm. and final openings from 5 cm. to 90 cm. Тһе 
results are plotted to show the sound pressure in dynes at the various fre- 
quencies up to 4,000 cycles. 

Marked resonance was obtained at all the lower frequencies and the effect 
was still observable up to 4,000 cycles. Тһе resonant peaks due to the horns 
at the lower frequencies are frequently as high as three or four times the re- 
sponse at the adjacent anti-resonant frequencies. The ratio approaches unity 
for all horns at the higher frequency range and for all the horns with the large 
openings there are not large resonant peaks. At the peaks the resonant is 
most marked for the horns with small openings. and the “valleys” are not 
"filled in." The larger solid angle, however, causes sufficient resonance at 
all frequencies above the fundamental to fill in the valleys and to cut off the 
sharpness of the peaks. The result is a more uniform sound output. For the 
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horns of each length and varying solid angle there is a particular solid angle and 
opening which give the optimum sound output. The best results were ob- 
tained with the longer horns of not too small or too large an opening. 

Impedance analysis indicated marked effects of the horns on the dia- 
phragm near the fundamental frequency of the diaphragm. 

Dissipation due to sound radiation from the horns near the natural fre- 
quency of the diaphragm is about equivalent to the dissipation of the natural 
resistance of the diaphragm itself. This 15 not the case if the horn is not a good 
radiator of sound. 

(2) Theoretical: Based on the assumption of plane waves, equations for 
pressure, velocity, sound radiation, and phase of the unlimited straight pipe 
and exponentialand parabolic horns arereviewed or developed. The correspond- 
ing equations for the straight conical horns with the source at the vertex 
are reviewed and a comparison made among them. Іп the case of the para- 
bolic horn the pressure and velocity are always out of phase and no sound 
energy isradiated. The velocity and pressure equations of a parabolic horn 
have solutions similar to a vibrating membrane and therefore the series of reso- 
nant and anti-resonant frequencies is determined by the maxima and minima 
of Bessel functions rather than by the maxima and minima of sine or cosine 
functions as in the pipe and exponential horn. 

The equations for pressure and velocity show these equations to be in 
phase at all frequencies forthe pipe; and sound radiation along it isindepend- 
ent of frequency. In the case of the cone with the source at the vertex 
and the exponential horn, these quantities are in phase for all the high fre- 
quencies and for this frequency region the sound radiation along the cone ex- 
ceeds that along the exponential horn. Over the intermediate or middle 
frequency region the sound radiation along the exponential horn exceeds 
that along the cone. At the low frequency region the radiation along the 
cone again exceeds that along the exponential horn. Experimentally, these 
statements have been shown to hold at the low and intermediate frequencies 
for horns of finite initial openings. Іп this case, however, the horns are much 
alike at the high frequencies. 

There is a finite frequency where the power radiation becomes zero and the 
velocity and pressure become 90 degrees out of phase for the exponential 
horn whereas this does not occur in the case of the cone until zero frequency 
is reached. 

In the case of horns of finite lengths, Webster's method of treatment is 
extended to cover in detail the exponential horn and a comparison is made 
between it and the straight pipe and cone. The acoustic impedance of the 
large end is studied in detail and an equation is derived for the exponential 
horn to show the sound pressure just outside the large end in terms of the pres- 
sure at the receiver diaphragm. This equation shows all the phenomenon of 
resonance of exponential horns and can be compared with a similar equation 
for the conical horn derived by Stewart. 

The solution of the parabolic horn of finite length has been worked out 
and briefly indicated. 

Equations for the direct and reflected sound energy from the open end 
have been derived and stated in brief form. By means of these we are able 
to study end reflection in conjunction with the resonance phenomenon which 
is of great importance in our use of loud speaker horns as amplifiers of sound. 
In addition to resonance, the horn at the small end has a high acoustic im- 
pedance which gradually diminishes to a small value at the large end. Іп this 
way the horn greatly increases the sound radiation from a receiver diaphragm 
because it adjusts the acoustic impedance of the small end to match the unit 
and in the same way it adjusts the impedance at the large end to fit the sur- 
rounding air. 

This study has led to a comprehensive understanding of the performance 
of loud speaker horns and will undoubtedly lead to new and improved types 
of loud speakers. 


THE LIMIT ОЕ REGENERATION* 


By 
N. C. LITTLE 


(BowpoiN CoLLEGE, Brunswick, MAINE) 


It is a well-known fact that the regenerative effect of a vacuum 
tube on an oscillatory circuit may be considered as the reduction 
of the effective resistance of that circuit. Further, if the regener- 
ation is pushed too far, that is, if the coupling between grid and 
plate circuits is increased beyond a certain critical value, the 
effective resistance becomes negative and the system gives rise 
to self-sustained oscillations of a frequency corresponding to zero 
reactance. In the use of a regenerative system for radio recep- 
tion, the borderland region between the purely regenerative state 
and that of spontaneous oscillation is of paramount importance. 
At the suggestion of Professor E. L. Chaffee, research was under- 
taken at Cruft Laboratory, Harvard University, to investigate 
the limit of pure regeneration and the conditions of stability at 
that limit. 

The system studied consisted of a simple oscillatory circuit 
with the regeneration produced by the inductive coupling of a 
reaction coilinthe plate circuit of the tube. The adjustment of this 
reaction coupling was made extremely fine. In fact, by employ- 
ing two reaction coils, one of a comparatively large number of 
turns and one of a single turn, it was possible to vary the coupling 
by steps of one part in a million. By this means, it was possible 
to arrive at that critical adjustment just beyond which the sys- 
tem would give rise to self-sustained oscillations. This adjust- 
ment, however, was obtained only by extremely patient manipu- 
lation, first by increasing the reaction coupling in minute steps 
and then, after each increase, ascertaining that the system was 
not oscillating of itself. However, when this eritical adjustment 
is obtained, the system has zero reactance and, as will be shown 
later, practically zero resistance to the frequency which it is 
desired to receive. The state of regeneration, corresponding to 
this critical adjustment, is the practical limit to which pure 
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regeneration тау be pushed іп the laboratory and is called 
critical regeneration. In its other details the system studied was 
not unique. The grid and filament of the tube were connected, 
as usual, across the condenser of the oscillatory circuit. The 
load in the plate circuit was made as small as possible. 

The preliminary work was done at a frequency of 1,000 
cycles. By balancing, thru a series of mutual inductances, the 
electromotive force impressed upon the oscillatory circuit with 
that due to the alternating component of the plate current, a 
measure of the relative magnitudes of the impressed and received 
signals was obtained. Measurements were made at that limit of 
regeneration just beyond which the system gives rise to self-sus- 
tained oscillations, namely, at critical regeneration. Results ob- 
tained with VT-1 and a UV-201, both used with varying amounts 
of grid bias, show that the relative magnitude of received signal in 
the plate circuit to that impressed on the grid is inversely propor- 
tional to the latter. This is called the inverse signal strength law. 
It states that the response of a system adjusted to critical regen- 
eration is independent of the strength of the impressed signal, 
that no matter how weak the oscillating field surrounding an 
antenna may be, if the regeneration is pushed to its limit, a finite 
signal may always be obtained. 

It should be remembered, however, that this law applies only 
to the state of critical regeneration, a condition rarely obtained 
in engineering practice and only in the laboratory with extremely 
cautious adjustment. The effective resistance of the regenerative 
system under these circumstances, however, may be made so 
low that the temperature variations of the resistance in the in- 
ductances are appreciable in comparison. Transient phenomena, 
which under ordinary circumstances may be neglected, now may 
readily be observed, as the sound in the telephone receivers is 
heard to die away gradually upon the removal of the impressed 
signal. In fact, assuming the original sound in the telephone 
receivers to be a million times that of the sound just audible and 
also proportional to the square of the current in the oscillatory 
circuit, it is possible from the exponential law of current decay, 
to estimate the effective resistance of the system. At the lower 
frequency (1,000 cycles), where the inductance was of the order 
of 300 millihenrys with an initial resistance of 25 ohms, the effec- 
tive resistance at critical regeneration was found to be 0.014 
ohms. At the higher frequency (750 kilocycles), where the in- 
ductance was of the order of 0.2 millihenrys and the oscillatory 
circuit had an initial high frequency resistance from 1 to 10 ohms, 
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this critical effective resistance was found to be only 0.00014 
ohms. 

The effective resistance measured by the above method is 
that which obtains when the potential impressed on the grid is 
very small. In order to measure the effective resistanee when 
that potential is large, it is necessary to study the form of the 
resonance curve. For this purpose a radio-frequency carrier- 
wave completely modulated by a single audio frequency is used. 
It may be shown, both graphically and analvtically, that for the 
resolution of a single band, that is, for the resonance curve of the 
regenerative system to show іп addition to a central maximum 
two adjacent side maxima, it is necessary that the damping con- 
stant, R/2L, be less than 0.06 of the modulating frequency. In 
the resonance curves obtained, the side bands were easily de- 
tected. The corresponding effective resistance, however, was of 
the order of an ohm. Thus, it is seen that the effective resistance 
of a system using extreme values of regeneration ік not a constant 
but a function of the potential applied to the grid. 

That such must be the case is apparent at опсе when one 
considers that the effective resistance depends on the tube con- 
stants. Consider, for example, the internal plate-filament re- 
sistance. Characteristics of this, plotted against grid potential, 
consist of a series of curves concave upward with their maximum 
points moving toward the values of negative grid potential as 
the filament current or plate voltage is increased. It is at once 
apparent that the average or effective values of this tube constant, 
which obtains when the operating point moves over a finite por- 
tion of the are of this characteristic, 1s greater than the statie 
value corresponding to the mid-point of this are. On the other 
hand, for the amplification factor with a eharacteristie concave 
downward, the effective operating value for large oscillations of 
the grid potential is less than that for small. The effect, then, of 
an increase in the potential variation applied to the grid is to in- 
crease the plate-filament resistance and to decrease the amplifiea- 
tion factor of the tube of the regenerative system. These two 
changes result іп an increase of the effective resistance of the 
system. Thus the discrepancy between the two values of the 
effective resistance is due to the non-linear characteristics of 
the tube. 

Considering as a first approximation the characteristic curves 
to be of the second degree, it may be shown that the relation 
between current amplitudes and effective resistance 18 such as 
to give the inverse signal strength law mentioned above, and that 
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the condition of critical regeneration is essentially stable, that is, 
an impressed signal will not set the system into a state of self- 
sustained oscillations. 

In conclusion, the results of this study of regeneration give 
the following suggestions for the use of the regenerative method 
in practical cases: First, the reaction coupling as employed on 
the majority of commercial receiving sets does not permit of 
sufficiently fine adjustment. Such sets should be equipped with 
a vernier coupling coil of a single turn. By this means, the ap- 
parent instability due to overstepping the state of critical regen- 
eration on account of the coarseness of the coupling adjustment, 
will be eliminated. 

Second, the inverse signal strength law shows that the weaker 
signals will be as effective as the stronger ones in producing а 
response in the telephones. It is also well-known that a circuit 
with little resistance has a very sharp resonance curve. Thus, 
the regenerative method is ideal for selective radio-telegraph 
reception. For radio-telephony, however, the variation with 
signal strength will produce distortion and the peak of the reson- 
ance curve may be too narrow to include the complete band of 
frequencies it is desired to receive. For this reason, probably the 
extreme regeneration used in this investigation is not suited to 
commercial radio telephony. However, this research does sug- 
gest that better results will be obtained if the tube used for re- 
generating is not also used for rectifying. The rectifying proper- 
ties of a tube depend upon the curve of its characteristic, and it 1s 
this very curvature which introduces the variation with signal 
strength. Thus, using a crystal rectifier in conjunction with a 
regenerating tube, operated on the linear portion of its charac- 
teristic and with the adjustment slightly below that of the state 
of critical regeneration, one should have a simple efficient 
method for radio-telephonic reception. 

Finally, in regard to the sensitiveness of the method. A system 
with zero resistance should give an infinitely large response to its 
resonant frequency. Or, stating the fact in terms of radio-reception, 
a circuit adjusted for critical regeneration will give a finite sound 
in the telephones for an infinitely weak signal. It makes no dif- 
ference to the regeneration whether the resistance for which 1615 
compensating is due to the losses in the wire of the inductances 
and in the dielectric of the capacities, or to the energy which is 
re-radiated. In any case, at critical regeneration, the system is 
in a stable state with a net effective resistance, to an incoming 
signal of the proper frequency, of practically zero. Thus, other 
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than that necessitated by the difficulty in arriving at the adjust- 
ment for critical regeneration, there is no limit to the sensitive- 
ness of the simple regenerative method. 


SUMMARY: It is shown that, at the limit of regeneration, the relative 
magnitude of received signal in the plate circuit to that impressed on the grid 
is inversely proportional to the latter. This inverse signal strength law is 
explained in terms of the characteristics of the tube. Two methods of de- 
termining the effective resistance of a regenerative system are outlined. Prac- 
tical suggestions are offered for the design of regenerative systems. 
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КҮТКЕНІ Google 


ON THE CALCULATION OF THE INDUCTANCES AND 
CAPACITIES FOR A MULTI-RANGE OR OTHER CON- 
SECUTIVE SERIES OF TUNED TRANSMITTING OR 
RECEIVING CIRCUITS, THE TOTAL RANGE AND 
ACCURACY REQUIRED BEING GIVEN* 


By 
J. ERSKINE-MURRAY 


(His Masesty’s SIGNAL SCHOOL, Royat NAVAL BARRACKS, PORTSMOUTH. 
ENGLAND) 


1. When a large range of natural frequencies (or wave 
lengths) has to be covered by one instrument, it is usual to use a 
number of capacities or inductances of fixed values in combina- 
tion with a single variable capacity or inductance of compara- 
tively small magnitude. The total range is thus divided into a 
series of consecutive scales and at the commencement of each 
scale a new fixed inductance or capacity, or both, is switched in 
and the scale is then covered by use of the variable. The values 
of these quantities have in general been arrived at by a process of 
“trial and error” and the possible accuracy of reading has varied 
from scale to scale. 

In order to place the design of such an instrument on an 
engineering basis, the following method of calculation has been 
worked out. By its aid the design of a multi-range wavemeter, 
transmitter or receiver, to fulfil given requirements of range and 
accuracy, becomes a simple and straightforward matter. 

2. Symbols used in this paper: 

A=wave length in meters. | 
À..An—- wave lengths at commencements of intermediate 
ranges (or scales). 
f = frequency in cycles per second. 
fi..f,=frequencies at commencements of intermediate 
ranges. 
І, —-inductance in microhenrys (mics.). 
L,..L4-inductances, fixed, at commencements of scales. 
І, = maximum value of variable inductance. 
L,,-minimum value of variable inductance. 


* Received by the Editor, December 7, 1923. 
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L,,= portion of L, required to cover scale without over- 
lapping next scale. 
Lr=actual fixed inductance (Lp)s = La — L, o- 
C = capacity in milli-microfarads (mifs.). 
С; and so on = С with subscripts similar to L4 and so on. 
d°=smallest angular difference readable on scale of 
variable. 
c=percentage accuracy, of 4 or f. 
b=minimum frequency difference, in cycles, to be 
readable. 
a=a percentage of variable; a/100=fraction of scale 
of variable used to cover a range without overlap- 
ping the next. 
(L C)n=oscillation constant for commencement of nth scale. 


3. Тотлі, Rance—Let the total range of wave lengths to 
be covered be from А, to 44, the corresponding frequencies being 
fi to fm and LC values (LC), to (LC),. (LC), is thus the 
maximum value on the scale commencing at (L C)m-1, and there 
are only (m— 1) scales required. 

4. Accuracy—Let the desired accuracy of wave length 
reading thruout the nth intermediate range be с» percent of the 
shortest wave length А of this range. This will ensure that the 
accuracy thruout the range 74 to А, 41/4 is not less than c percent 
of the wave length read. Тһе cases where accuracy is defined as 
a percentage of frequency, or as a difference of frequency, are 
considered in (6) and (7) below. 

5. The possible accuracy depends on the ratio, А 1/4, 
of the wave lengths at the beginning and end of the scale, and 
on 4°, the minimum angular difference readable with certainty 
on the scale of the variable condenser or inductance. In the 
case of a receiving circuit or wavemeter, d? depends not only 
on the radius and graduation of the scale, but also on the damp- 
ing of the circuit and type of resonance current indicator used. 

6. Thus, in order to obtain the desired accuracy, we find 
that for а movement of d? on the scale of the variable, А» may 

с 
100/” 
say 0° to 180°, there аге 180/4 such steps, assuming that the cali- 
bration eurve of the variable is substantially a straight line. 
Each step represents an equal increase of wave length (see 
(4)); the accuracy therefore increases towards the upper ends 
of the scale. Hence, putting in the whole variable increases 
Àn to | 


increase to An (a+ In the whole scale of the variable, 
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180 с 
„(1+ TA 


Thus if the whole variable were used, we should have the end 
of the scale and commencement of the next at 


Mn+ =14(1+ Le), 


However, for practical reasons it is necessary that successive 
scales should overlap. Let us therefore take only a percentage a 
(say 80 percent) of the variable scale as giving the whole inter- 
mediate range. Hence to provide for the overlap we find 


180 ca | 
Àn41 = (1 F E шы (А) 
and when the variable is being moved from ae X 180° to 180? 


the scale will be overlapping the next in order. 

We have, therefore, found that to obtain the desired accuracy 
of reading, the intermediate range commencing at 4, must finish 
at the value of + given іп (A); and since (LC) values vary 
as the square of the wave length 


180ca \? 
(LC) ny, = (1, о).(1+ oe г) (в) 
7. If frequencies be reckoned instead of wave lengths 
180ca 
Ла -i(1 = Шоо) (С) 


Since the frequency decreases for increasing capacity, and 


(LC)n4i _ (1/fn41)? _ Sn? 
(LC)n (1/fn)? Ла 


Hence (D) 
(LCa l 1 
(L C), (— 180 ca y 
10,000 d 


and the limits of successive scales may be determined as for wave 
lengths. 

8. If the accuracy be defined as an actual difference of fre- 
quency, b cycles (for instance 100 cycles), instead of a percentage 
difference, а system which is convenient when а heterodyne 
receiver is used, we have 


Ја = fn — b 


therefore 180a 
а= (tb Re 2) (E) 
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апа (2С) me o 0 
(LC. Ја (n 1804): (F) 


So that in this case also the limit of each intermediate range can 
be found when the total range and accuracy have been given. 

9. Since a variable condenser cannot be got to ge down to 
zero capacity, but has some lower limit C,,, its rango is actually 
С, to С, if C, be its maximum.  C,, is thus a fixed capacity 
which forms part of the calculated fixed capacity for the range. 
Thus the magnitude of the fixed condenser to be switched in at 
the beginning of the nth range is Ср = Съ —С,,, where С» is the 
calculated fixed capacity. In general, if C, be chosen of any 
convenient dimensions, for instance 1 milli-microfarad, the fixed 
capacity and inductance to fulfil the desired conditions are then 
determinable as is shown in sections (10), (11), (12), and (13). 

10. DETERMINATION OF FIXED CAPACITIES AND INDUC- 
TANCES, THE VARIABLE BEING А CaPAciTY—Let In апа С, be 
the fixed inductance and capacity for the range beginning at 
Àn or (LC)n. This may, for instance, be the first scale of the 
total range required, in which case А„ is known. In other cases 
Àn is determinable by working out the previous ranges starting 
with 4,, or by the method of (23). 

Then for the short-wave end of this scale 


(L С)» = La С» 
and at the other limit where the variable capacity 
= (С, -C ve) тог 100 
(L жн = т, (0„+С,) 
See (6). 
Hence (LC) _ Ca tC, 


(LC)n Cn 


in which С, and the (L C) values are known, gives Cn. The cases 
for different conditions of accuracy are given below. 
11. Ifthe accuracy bea percentage of wave length, as in (6) 


Cs C, == (L C) _ ^н? = (шыу 
Cn (LC)n А? 10,000 d 
Hence C = €. Ce 
ШС 4.18084 J- 1 Ec (G) 
10,000 d 100 d 100 d 


and since c, a, and d are known, this gives Ca and the fixed con- 
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denser required is C4—C,,. Also from (L C)n = Ln Cn, we get Ln 
the fixed inductance. 

12. If the accuracy be defined by percentage of frequency 
we get from (7) by a process similar to that of (11) 


( |__180са y 
10,000 d 
%1.8са (2—1) 
1004 1004 

and Zn is calculable from (L С), as in (11). 


(13) Ifthe accuracy be defined as a given change in num- 
ber of cycles, buv, we find from (8) 


С„=С (Н) 


(LC)na1 _ fn? 
(LC)n — ( e" Ep 
" 1004 
Непсе (л En 1804)” 
С„= " 1004 (1) 


180а 
1009 (2^ b 100d 
and for this case also the fixed capacity and inductance for each 
intermediate range are easily determinable. Examples of the 
caleula tion of several multi-range circuits are given in (16) and 

followin g. 
| 14. Instead of using the equations (G), (H), or (I) to deter- 
mine the fixed capacities and inductances for the various inter- 
mediate ranges, we may employ a graphical method. Thus a 
к Of hyperbolas may be drawn in which L and C аге co- 
С опе Гог each value of (L С )n as determined in (6), (7), 
22 > starting with the required initial (L C) of the shortest 
tion be received or produced in the instrument. By inspec- 
ay Pá €ach successive pair of curves (see Figure 1), а point P 
ied е found on the curve of lesser (L C), such that C,, meas- 
e Parallel to the axis of C, will just reach the next curve at 
ie ut Q. The inductance Lı and capacity С, of the point P 
UE о values required in order that the variable C, may 
Bore e first section of the total range with the desired accuracy. 
а ing ine this process from curve to curve the fixed capacity 
Ч ctance for each range is obtained. 

In certain circuits it is necessary that the ratio L/C 


€ greater or less than a certain limiting value, k, where 
k= эле = Fe . . . 
4° for instance, in order to control the damping of the 


b 


should b 
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FIGURE 1 


circuit and thus facilitate or hinder the production of oscillations. 
The graphical method of (14) lends itself readily to the introduc- 
tion of such a condition. Thus if a line O A be drawn from the 
origin of co-ordinates making an angle the tangent of which is k 
with the axis of capacity, each hyperbola will-be cut in two by 
OA. If L/C is to be greater than k, only that part of the diagram 
between ОА and O Y may be used, since for any point in this 
area L/C>k. If L/C is to be less than k the portion between 
ОА and OX must likewise be used. In cases like these it will 
generally be convenient to defer the choice of the variable con- 
denser or inductance until the curves have been examined. 

16. THE VARIABLE AN INDUCTANCE—If a variable induc- 
tance be used instead of a capacity, the process of finding the 
values of fixed capacities and inductances can be carried out from 
the same curves by working on the other co-ordinate. "Тһе values 
of (L C)s are the same as in (14), since they depend only on c, 
a, andd. (See (6)). The algebraic method is also similar, and 
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if L,, 1, and L, be the maximum, minimum and reduced maxi- 
mum (see (6)), of the variable inductance, we obtain in place of 
the equations (С), (Н), and (Г), the values of the fixed inductance 
In terms of the variable as 
—lb ol 
БЕТІ gem (a^) 
100 d 


for percentage wave length accuracy, and 


1.8 са \? 
4-15) 
100а , 
L— eee H 
L, Я, (H) 
100d 100d 


for percentage frequency accuracy, and 


( E Dor 
ý 100d , 
= I 

L, 180a 180a ( ) 


TOC 100.4) 
for a fixed frequency difference as accuracy. 

17. ExAMPLE—As an example of the method let us assume 
that a series of circuits is required in accordance with the follow- 
Ing data: 

(I) Total range of wave lengths 800 m. to 2,000 m. 
(II) Accuracy to be to 0.1 percent of A, that is, 1 m. in 
1,000 m. 
(ПГ) Smallest readable angle in scale d? = 0?.5. 
(IV) Variable condenser C,, —0.04 mif. to C, — 1.06 mif. 

(V) C.=(C,—C,.) гр =0.816 mif. 

From the condition (II) the limits of the intermediate ranges are 
determinable thus: 


2 
(LC), — (LC), (11800) = (L C), (140.288)? = (L С), (1.66) 
To allow а margin let us start at 785 m. instead of 800 m., then 

(7, С), =173.6 mics. X тиз. 

(Z; С), =289.1 mics. X mifs. 

(7, C), 2 480.0 mics. X mifs. 


(7, С). =796.8 mics. X mifs. 
Now 


La 


C 0.816 
C а 0 БИ ate алы" А f ) 
ТТТ 1.236 mifs from (С) 
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therefore Cp =C, — C, = 1.236 — 0.04 = 1.196 mifs. and also 
L, = 173.6/ 1.236 = 140.4 mics. Тһе others are as shown іп 
the table. It should be noted that, as the accuracy is to be 
the same thruout, Cp has the same value for all ranges, as may be 
seen from equation (G). Table I shows the results of calculation 
for the example. Тһе overlap of each pair of scales is found by 
taking Ln (Cs +С, — C,,) as the largest (L С) of the scale. 

Thus there will be four scales required to cover the range 
under the conditions stated. One fixed capacity will serve for 
all ranges and the inductance for each range is shown in the table. 


TABLE I 


Scale (LC), 


Other Numerics 
785 —1061 = : C,21.236 —0.04 
| =1.196 mif. 
1018—1860 


1310 —1763 


1686 — 2282 


18. Ifa variable inductance, instead of a variable condenser, 
be used in the instrument calculated in Table I, we find the same 
(LC) values for the limits of the intermediate ranges of the 
calibration curve of the variable inductance is approximately 
straight. For the values of Ln we have the equation (G’) of (15) 

Li 


"= 18ca 241800) 
100d 100d 
where, as before c — 0.1 percent, a = 80 percent, d=0°.5. Hence, 


if, for instance, Г, = 140 mics., and L,,2 15 mics., then 


0 (1,—1..) = 100 mics., 


UU 
— 0,288 (2.288) 
and since the accuracy is to be the same thruout the whole range 
of the instrument L;-Li— . . . , and from the values of 
(L C) calculated as for Table I, we find Ci, С», and so on. 
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Li — 156 mics. 


TABLE II 
Scale (L C) 


Other Numerics 


=156—15 
= 141 mics. 


785 —1054 | | Та. I. 


1013—1362| 156.0 | 1. L. =100 mics. 
L,+L, =281 mics. 


1310 — 1750 d? =0°.5 
с-0.1% 


1686 — 2267) 156.0 | 5.110 a=80% 


19. Similar calculations are as easily made for accuracy 
based on percentage of frequency by use of the equations (C), 
(D), (H), and (H^). | 

20. Тһе calculation for an accuracy based on fixed frequency 
dfference gives interesting results and illustrates how the dif- 
lculty of heterodyning at high frequencies may be overcome, 
at least theoretically, by the proper choice of ranges. 

Let us assume the same total wave length range as before, 
that is, 800 m. to 2,000 m.—hence 

(I) Total range of frequencies 375,000 — 150,000 cycles. 

(II) Accuracy to be defined as a change of frequency of 

100 cycles per 0?.5 thruout. 
a Variable condenser 0.04 to 1.06 mifs. and C,,=0.816 
mifs. 

Using equation (E) the scales come out as shown in Table 
III, the first scale commencing at 382,500 cycles in order to give 
à margin for constructional imperfections of the instrument. The 
overlap between successive scales is about 7,000 cycles in each 
case. “The calculations are as follows, from (8), equation (Е), 


180 80Y . 


Commencing with scale (1), / = 382,500 corresponding to 784.3 m. 
f2 382,500 — 28,800 = 353,700 

and as the accuracy is to be the same thruout the total range, the 

diferen се is common and each f» is found by subtracting 28,800 


cycles from the one before. Тһе Table III shows the results. 


From equation (I) 
C m on (f. —28,800)? 
"7008 800 (2 f. — 28,800) 
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Thus (353,700)? 


28,800 (2 X 382,500 — 28,800) 


=4.91 mifs. 
But (L С), =174.2, therefore Lı =35.2 mics., and the other 1/3 
and C’s are similarly calculated. The overlaps of the scales are, 
as before, found by taking C, instead of C, to get the largest 
(L C) value of each range. 


TABLE III 
Scale | Frequency | (LC), C. BM | C, 
Di? am Зады vow ч адасты И Ла ПЕЕ — (Other N Tics 
Num- | Cycles per | mic. X 72 T ^ ther Numeri 
pee esc | тай. mits. mics. 11118. 
1 | 382,500 | 1738.2 | 4.91 | 45.2 4.87 C, —1.06 
| — 347,000 | | | 
2 353,700 | 202.6 4.43 45:7 4.39 С. —0.816 
— 318,000 | | | 
| | 
3 | 324,900 | 240.1 4.01 59.9 3.97 С. = 0.04 
— 288,500 | | | d° =0°.5 
4 296,100 | 289.1 3.58 80.8 | 3.54 b = 100 со 
|—255,900 | | а — 804; 
| | | 
| | | 
5 | 267,300 354.7 2,%7 111.9 2.18 
| — 231,500 | 
| | | | 
6 | 238,500 | 445.6 | 2.78 | 100.4 | 2.74 
— 203,200 
7 209,700 | 576.4 | 2.36 | 244.0 | 2.32 
— 173,300 
| 
8 | 180,900 774.5 | 1.95 | 397.0 1.91 
|--145,000 | 


It should be noted that in order to obtain the same heterodyne 
accuracy thruout it is necessary to change both fixed capacity 
and fixed inductance as one advances from one scale to the next. 

21. If a variable inductance be used, the total range being 
the same, the calculations are similar to those of (20), but are 
based on equations (Е) and (17) and give the results shown in 
Table IV. The intermediate ranges are the same as in Table III 
since they depend on the accuracy only. With the numerics 
given in the table the calculation of Zn takes the form 

" (fogs)? _ __ 
к=) 28,800 (2x fn — 28,800) 
and it is advisable to get these values correct to four figures, by 
using seven figure logarithms or & Fuller slide rule. 
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TABLE IV 
Total Range, 375,000 о to 150,000 о = 800 m. to 2,000 m. 


Scale | Frequency | (L С), 
Other Numerics 


L, =100 mics. 


— 346,500 


353,700 | І, = 15 mics. 
— 317,000 


324,900 ; | L, = 140 mics. 
— 287,500 


296,100 | а-80% 
— 260,500 

267,300 | | b 2100 со 
— 230,000 


238,500 | | d=0°.5 
—202,000 


209,700 
—173,000 


180,900 3.485 
— 144,500 


With these values a difference of 0?.5 on the scale of the vari- 
able gives 100 о difference of frequency. 

22. It may be noted that a useful check on the figures for 
С» in Table III and Ln in Table IV may be obtained by plotting 
them as a curve with frequency as abscissa. In both cases the 
curve should be a straight line and any arithmetical error is shown 
up at once. 

23. It is possible to find the number of scales required and 
the initial wave length of each, directly from the original data 
without successive calculation of each range. Thus, if the 
accuracy be uniform thruout, let 


(1 + aoe) =k as in (6) (A), 
therefore А 24 (k)! (K) 
(LC)n= (L С), (k)? =? (1) 


Hence from (К) 
log дһ =log А (п —– 1) log k 
thus if Jn and А be the given limits of the total range and if k be 
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the same for all ranges, (n— 1), the number of scales, is deter- 
minable. More generally, if k vary from scale to scale 


„=ЛА (ki ХА ХЕЗ +) 
and log An = log А t+log ki +109 + and so on, 


hence Jn may be determined directly from the conditions of 
accuracy. The same is true for (L С)», since 


(LC) (LC): (XX + 9° 
log (L С)һ = 109 (LC): +2 (log ki--log ks + -) 


If the accuracy be defined by a difference of frequency as 
in (8) we have 


_ МЕ | PESE 
0), Go. |= ossa 


where A=b s — difference іп frequency between the initial 


frequencies of two successive ranges. 
Thus the formulas of this section form an alternative method 
for the calculation of the limits of the intermediate ranges. 


SUMMARY: It is often necessary to use a series of consecutive tunablr 
circuits to cover a large range of wave lengths or frequencies. Тһе рарее 
describes a method of determining the constants of each circuit when the total 
wave length range and the accuracy of setting required in each intermediate 
range are given. Overlap between successive scales is provided for, and а 
method is indicated by which further conditions, such for instance as a limiting 
value of the damping of each circuit, may be introduced. The paper thus 
reduces the calculations of such circuits from an empirical problem to a 
straightforward engineering proposition. 
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DIGESTS OF UNITED STATES PATENTS RELATING ТО 
RADIO TELEGRAPHY AND TELEPHONY* 


І55сЕр May 6, 1924-Лгхек 17, 1924 


By 
Joun B. BRADY 


(Patent Lawyer, Ouray Bribie, WasHiIncton, D. C.) 


1,493,024— Louis Cohen and Joseph О. Mauborgne, filed August 
6, 1920, issued May 6, 1924. 


NUMBER 1,193,024 —Radio Signaling 


Rabio SIGNALING, utilizing a wave coil for the reduction of 
static disturbances and other interferences in the reeeption of 
radio signals. A long helix uniformly wound with wire is соп- 
nected thru a tuning circuit with the antenna and to ground. 
The radio receiving apparatus is connected with the wave coil 
and an adjustable grounded metallic tube is provided in rela- 
tion to the wave coil, which tube is electrically connected in a 
tuned circuit with ground. The adjustment of the metallie 
tube and the grounded loop cireuit operates to change the elec- 
trical characteristics of the coil. Persistent. waves set up т 
the сой will be. received. while foreign. cleetrical disturbances 
which may act on the antenna, such ах clectrostatie effects 
‘ausing a shock excitation. being of a steep. wave front are 
rapidly damped out in their travel thru the wave coil. 


1,493, 148— Montgomery В. Cohen, filed July 23, 1920, issued 
May 6, 1924. 


*Received by the Editor, July 18, 1924. 


—— 
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NuMBER 1,493,148—Fuse for Vacuum Bulbs 


Fuse ror VacuuM BUuLss for protecting the filament from 
destructive effects of excessive current. The fuse consists of a 
cylindrical member which is applied to one of the bulb terminals 
and constructed to engage the corresponding socket contact. 


1,493,151—Mihran M. Dolmage, filed September 17, 1920, 
issued May 6, 1924. 


— FURE 1. 
NUMBER 1,493,151—Radio Duplex Signaling System 

Rapio DUPLEX SIGNALING SysTEM which does not require 
the manual operation of switches to transfer the system from 
transmitting or receiving or vice versa. Ап auxiliary circuit 
tuned to the currents of the transmitting frequency is provided 
in association with the transmitting antenna. А control relay is 
connected in the auxiliary circuit in such manner that it is oper- 
ated when currents exist in the auxiliary circuit. The opera- 
tion of the relay causes the receiving apparatus to be protected 
against the transmitting currents during the periods of trans- 
mission. 


1,493,696—Stanley В. Mullard, filed November 9, 1920, issued 
May 13, 1924. Assigned to the Mullard Radio Valve Com- 


pany, London, England. 
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THERMIONIC OR OSCILLATION VALVE, wherein a cylindrical 
plate electrode is supported within the tube by a collar member 
which surrounds a re-entrant portion of the tube which extends 
into one end of the tube. 


1,494,347--Шоуа Espenschied, filed April 30, 1920, issued May 
20, 1924. Assigned to American Telephone and Telegraph 
Company, Incorporated, New York. 


NuMBER 1,494,347—High Speed Radio System 


Нісн SPEED Rapio SysTEM for accommodating a large volume 
of traffic over wave bands in close proximity to each other. The 
System consists on modulating a carrier frequency in accordance 
with signaling current produced at a speed sufficiently high so 
that the band of frequencies resulting from modulation will be 
too wide for transmission thru a sharply tuned selective circuit. 
The modulated band is selected with substantially negligible and 
uniform attenuation while adjacent frequencies lying outside of 
the bands will be sharply discriminated against by the use of 
band filters. At the receiving station a light stream is modulated 
In accordance with detected current and then the modulations 
recorded upon а medium sensitive to light. 
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1,494,770— Walter W. Conners, filed June 12, 1919, issued May 
20, 1924. 


NUMBER 1,194,770— Method and Apparatus for Indicating the Geographical 
Location or Movement of Bodies 


METHOD AND APPARATUS FOR INDICATING THE GEOGRAPHICAL 
LocaTION OR MOVEMENT OF BoprEs by indicating in similitude 
or in intelligible signals the location of a moving body. The 
moving body carries a radio receiving station for the reception 
of signals from fixed wave-transmitting stations. The receiving 
station on the moving body is equipped with an indicating mem- 
ber which is controlled by received signals for indicating in 
similitude the signals received from the fixed stations. In this 
manner the course of the moving body is automatically plotted 
in accordance with the movement of the body with relation to 
the fixed stations. 


1,494,803— Michael I. Pupin, filed September 17, 1915, issued 
Мау 20, 1924. Assigned to Westinghouse Electrice and 
Manufacturing Company, East Pittsburgh, Pennsylvania. 
ELECTRICAL TUNING apparatus by which the electrical re- 

sistance reaction which a conductor opposes to a simple har- 


monic electromotive force is rendered selective, that is to say, - 


the conductor opposes a resistance reaction as small as desirable 
to an electromotive foree of a given frequency, while at the same 
time this reaction may be made as large as desirable to an electro- 
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motive force of a different frequency or to electrical impulses. 
The invention is called a resistance compensator. It is shown as 
applied to a radio receiver for increasing the selectivity of the 
receiver by utilizing an antenna system of a resistance sufficient 
to dissipate the greater part of the incoming signaling energy. 
The incoming signaling energy of desired frequency is utilized 
to excite a source of energy by electromagnetic reaction and to 
transfer to the receiving antenna system a negative resistance 
reaction of high value as compared with the original resistance 
reaction of the conductor and of a frequency corresponding to 
the selected radio frequency to be received. 


£5 


‚26 
NUMBER 1,494,803 — 
Electrical Tuning 


1,494,908—Raymond A. Heising, filed February 23, 1923, issued 
May 20, 1924. Assigned to Western Electric Company, 
Incorporated, New_York, N. Y. 


NUMBER 1,494,90S—Amplification of Modulated Waves 


AMPLIFICATION OF MODULATED Waves for securing economy 
іп operation of high power systems. The amplification system 
may be applied to a system which includes a source of carrier 
waves, a device for deriving from the source a triple frequency 
component, amplifying this component and combining it with 
waves from the original source to produce a peaked wave; a 
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carrier suppression modulating device for modulating the peaked 
wave thus produced in accordance with a low frequency wave; 
a voltage step-up or low power amplifier for the modulated wave; 
and a vacuum tube power amplifier having a grid so negatively 
polarized that the amplifier is actuated only by the peak por- 
tion of each cycle of the modulated peaked wave. The repeater 
derives from the modulated wave a triple frequency component 
of large energy where the energy is chiefly in side frequencies 
based upon the fundamental frequency all of which energy is 
efficiently increased in amplitude thru the amplification system 
of this invention. 


1,494,935—Edward O. Scriven, filed July 16, 1918, issued May 
20, 1924. Assigned to Western Electric Company, New 
York, N. Y. 

ALTERNATING CURRENT SOURCE where the frequency of oscil- 
lations generated is governed by a tuned oscillation circuit 
whereby the oscillator will generate substantially pure sine 
waves. An electron tube circuit is provided with the input and 
output circuit associated for feeding back energy from the output 
circuit to the input circuit. An additional circuit is interposed 
in the electron tube circuits for substantially preventing the feed- 
ing back of energy oscillations of any frequency other than that 
which is desired to generate by means of the electron tube 
oscillator. 


1,495,537—Stephen F. Stafford, filed August 21, 1923, issued 
May 27, 1924. Assigned to Stafford Radio Company, In- 
corporated, of Massachusetts. 

DovBLE HELIX CAGE ANTENNA for indoor use in radio re- 
ception. The antenna consists of two helices wound in opposing 
relation with respect to each other with one nested within the 
other providing a strong cage antenna. 


1,495,470—John F. Farrington, filed February 1, 1922, issued 
May 27, 1924. Assigned to Western Electric Company, 
Incorporated, of New York, N. Y. 

Нісн FREQUENCY TRANSMISSION for multiplex and duplex 
operation where mechanical switching for two-way conversation 
is unnecessary. The system utilizes partial carrier wave sup- 
pression wherein the incoming and outgoing waves combine to 
produce an auxiliary carrier wave at each station. The trans- 
mitting system operates to transmit only feeble energy of the 
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Mutated component. The unmodulated component is sepa- 
d from its accompanying side frequencies at a point in the 
Mii, Where the total energy is small relative to the transmitted 
ine The energy of the selected unmodulated component 18 
ae мы at the receiver and combined at the detector with the 

Npanying side frequencies to operate the receiving telephone. 


Perris 
УД 


а £ 


gE 


NuMBER 1 495,470—High Frequency Transmission 


1,495,511—Robert J. Fitzgerald, filed May 12, 1920, issued 
May 27, 1924. Assigned one-half to J. Arthur Fischer, 
New York, N. Y. 

CONDENSER of the rotary variable construction, wherein 
the movable and stationary metallic plates have an outside in- 
sulating coating thereover. The insulating coating of each of 
the plates is adapted to contact one with the other preventing 
the matallic plates from shunting each other. 


1,495,577— Francis W. Dane, filed April 3,.1920, issued May 27, 
1924. Assigned to Wireless Specialty Apparatus Company, 
Incorporated, Boston, Massachusetts. 


ELECTRICAL CONDENSER of the stacked type where alternate 
sheets of mica and metal foil are placed within a casing with a 
resilient spring member compressing the stack under a pressure 
of the order of thousands of pounds while the stack is submerged 
in insulating material which is solid at ordinary temperatures, but 
fluid at a temperature of the order of about 140 degrees centi- 
grade. The construction described avoids the presence of air 
bumbbles and forces the mica and foil in intimate contact with 
ea--ch other, securing high capacity but with high insulation 


præpp erties. 
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1,495,593—Lewis М. Hull, filed October 16, 1920, issued Мау 27, 
1924. 


NUMBER 1,495,593—Radio Telegraph Transmitting 
5 System 


RapDio TELEGRAPH TRANSMITTING SYSTEM having an electron 
tube amplifier whose plate-cathode circuit is operatively coupled 
to the transmission circuit. A self-excited electron tube gener- 
ating system is so connected to the grid-cathode circuit of the 
amplifier that the inherent intra-electrode capacity of the said 
grid-cathode circuit furnishes capacity reactance for the opera- 
tion of the self-excited electron tube generating system. By 
this system the unavoidable intra-electrode capacity of the am- 
plification system is transformed from a wasteful absorber of 
electrical power into an essential tuning element, and its use as 
a tuning element allows a reduction in the minimum capacitive 
reactance attainable in the oscillatory circuits, thus increasing 
the maximum frequency to which these circuits are resonant. 


1,495,616—Frederick С. Simpson, filed May 23, 1923, issued 
May 27, 1924. 


ART OF MEASURING THE VELOCITY OF TERRESTRIAL BODIES 
RELATIVE TO Елсн OTHER by applying the Doppler-Fitzeau 
principle, force or effect, as manifested thru the medium of elec- 
tromagnetic waves. А method is described for measuring the 
velocity. of a terrestrial body with respect to another terrestrial 
body which consists in comparing the frequency of generation 
of a generator of electromagnetic waves, at rest with respect to 
one of the bodies, with the frequency of the electromagnetic 
waves radiated by such generator as measured at a point at rest 
with respect to the other body. 


1,496,155—F. J. Fransson, filed November 8, 1919, issued June 
3, 1924. Assigned to American Gas Accumulator Company, 


Elizabeth, New Jersey. 
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ar 
NUMBER 1,496,155—Art 
of Radio Communication 


ART or RADIO COMMUNICATION, in which a combination loop 
antenna and open antenna is employed for duplex operation. 
A transmitter is coupled to one of the antennas while the re- 
ceiver is coupled to the other antenna with condensers arranged 
for balancing out interference between the transmitter and re- 
ceiver during duplex operation. 


_ 1,496,214—L. Е. Fuller and H. F. Elliott, filed May 22, 1919, 
issued June 3, 1924. Assigned to Mesne Assignments to 
Federal Telegraph Company, San Francisco, California. 


-e 


NUMBER 1,496,214—Radiotelegraphy Transmission System 


RADIOTELEGRAPHY TRANSMISSION SYSTEM, employing an 
arc with a signaling circuit for transmitting with a single wave. 
А circuit is employed to replace the antenna system during periods 
of no radiation. The circuit consists entirely of inductive and 
capacitive reactance neutralizing each other or tuned to the 
frequency of the system, and connected in series with the antenna. 
Thus, the total effect of this part of the circuit on the antenna 
circuit is negligible, and across the terminals of the inductance 
and capacity a minimum potential difference is obtained for 
currents of the correct frequency. By proper arrangement of 
a resistance or other consumer of energy and a switching means, 
the substitute circuit can then be made to have substantially the 
ssame characteristics as the antenna circuit, so that the load on 

—the source remains the same, independent of choice of paths. 
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In this manner the telegraph signals аге produced without radia- 
tion of energy between signals. 


1,496,243—F. S. McCullough, filed July 7, 1919, issued June 3, 
1924. Assigned to G. L. Martin of Cleveland, Ohio. 


OE 
a aes 


NUMBER 1,496,243—Radio Telegraphy 


Ranio TELEGRAPHY in which a compact form of apparatus 
is employed for the reception of radio signals particularly de- 
sirable for use on aircraft. or in places where space is an extremely 
important factor. Тһе collector coils which form the means for 
intercepting the radio frequency energy are wound within the 
evacuated tube which contains the electronic emission elements 
connected in the receiving circuit. 


1,496,275—P. Laut, filed October 18, 1920, issued June 3, 1924. 


КАшо TRANSMITTING APPARATUS employing an arc generator 
and a signaling circuit for producing uni-wave signals. The field 
coils of the arc аге excited from an independent source. Тһе 
antenna circuit is completely broken between signals enabling 
the arc to operate upon an auxiliary shunt circuit eliminating 
the compensation wave. 


1,496,276—H. P. Rees, filed August 9, 1921, issued June 3, 1924. 


Rapio TELEGRAPHY AND TELEPHONE RECEIVING SET con- 
taining constructural features for the reduction of size of the 
apparatus. The antenna tuning coil comprises a plurality of 
layers of wire, each layer consisting of a plurality of substan- 
tially plane turns. The axial length of the coils is small in rela- 
tion to its mean diameter. The anode circuit of the set is reac- 
tively coupled with the grid circuit of the receiver. 


1,496,311—J. H. Hammond, filed October 17. 1917, issued June 
3, 1924. 
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\ ута SYSTEM FOR НлшАмт Еменсү, particularly 

E ed for radio control operation where positive operation of 

. ©Ontrol circuit is assured without the smothering or satur- 

lis "8 effect. which may be produced by powerful signals from a 

dig lle Station endeavoring to prevent weaker signals from the 

the ant control station from having any appreciable effect upon 

сор riving system. To insure the positive operation of the 

ањ „Ма plurality of electron tube detectors connected in parallel 

In th "anged at the receiving circuit with the control connected 
Common output circuit of each of the detectors. 


1,406,371-<. В. Graves, filed August 23, 1922, issued June 3, 
1924. 


Condenser of variable capacity where the plates are formed 
in parallel relationship with dielectric sheets interposed between 
the conductive plates with means for exerting pressure against 
the plates for varying the capacity of the condenser. 


1,496,671—H. Gernsback, filed February 24, 1923, issued June 
3, 1924. 


DETECTOR of the crystal type where a sensitive crystal is 
enclosed by a casing which includes a feeler member in contact 
with the crystal. The feeler member comprises a central plate 
having plane opposite faces and side plates having a plurality of 
contact feeler points thereon which contact with a plurality of 
sensitive points on the crystal. By this construction a crystal 
detector may be placed in permanent adjustment. 


1,496,745—H. S. Scott, filed June 13, 1923, issued June 3, 1924. 

PoTENTIOMETER in which the variation in resistance takes 
place in accordance with a logarithmic law. An insulating band 
which carried the resistance element is relatively wide at a cen- 
tral section but decreases in width toward each end thereof on 
opposite sides of the central section. The resistance wire 48 
wound upon this band whereby relatively large increments of 
adjustment are secured within the central section while relatively 
small increments of adjustment are obtained within the tapered 
portions on each side of the central section. 


1,496,768—W. Т. Booth and Walter A. Boyd, filed March 27, 
1918, issued June 10, 1924. Assigned to Western Electric 
Company. 
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VIBRATION REDUCING MOUNTING DEVICE FOR SIGNALING 
Systems, where the electron tubes are supported on a horizontal 
panel, each end of which is mounted upon sponge rubber. The 
sponge rubber is carried by an intermediate supporting member 
and the intermediate support in turn carried by a second resilient 
mounting so that vibrations are prevented from reaching the 
tube support thru two separate damping means. 


June 3, 1924. 1,496,745 
Н. 6. SCOTT 


POTENTIOMETER 


ð June 13 1923 2 Sheetz-Sheet 2 


NORUNT AUT 


LAL Аме £9 


луд 


29 


NUMBER 1,496.7 £5—Potentiometer 


1497,095—W. Dubilier, filed Мау 28, 1922, issued June 10, 
1924. Assigned to Dubiher Condenser and Radio Corpora- 
tion of Delaware. 
lÉnLkcrRICAL CONDENSER of the "Micadon" variety where 

the alternate conductive and dielectric sheets are secured to- 

gether under compression by means of a clip engaging each of the 
opposite ends of the condenser with a rivet passing thru the clips 


ГЫ 


to secure the clips to the condenser and cause the clips to press 
tightly against the plates. 


1,497,194—J. Nordern and А. Fetting, filed April 13, 1922, issued 
June 10, 1924. 


NUMBER 1,497,194—Radio 
Alarm System 


4 


RADIO ALARM System where a plurality of radio transmitting 
systems may be located in different houses to be automatically 
placed in operation by the happening of a condition precedent. 
The invention contemplates the protection of homes against 
burglary or fire by the installation of a radio transmitting station 
in the home. Upon the fusing of a fusable link in ease of fire a 
radio transmitter is set into operation and controlled by means 
of a particular set of code wheels which will advise a central 
station that the particular home is in danger. In the case of a 
burglary a cireuit might be opened by an intruder which places 
the radio transmitter in operation to advise the central police 
station. Each house will be identified by a particular code com- 
bination set out on the code wheels of the transmitter. 


1,497, 384—H. G. Saal, filed May 11, 1922. Issued June 10, 1924 

RADIANT ENERGY RECEIVER, consisting of a crystal detector 
construction where the саб whisker is supported by a spherical 
member seated upon a spherically curved standard. А coil 
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spring interior of the standard is secured to the surface of the 
spherical member enabling the member to be freely adjusted to 
different angular positions. 


1,497,415—Phillips Thomas, filed April 21, 1921, issued June 10, 
1924. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 

 Могрер OIL-FILLED CONDENSER, wherein alternate sheets 
of foil and solid dielectric are supported in a molded casing in 
position where a liquid dielectric may be filled in over the plates 
for increasing the insulating properties. 


1,497,449—W. H. Kempton, filed October 16, 1917, issued June 
10, 1924. Assigned to Westinghouse Electric and Manufac- 
turing Company. | 
MoLpED CONDENSER comprising a series of stacked plates of 
alternate sheets of conducting material and an insulating mate- 
rial. The stack is wrapped with & compressible covering and the 
entire unit forced into a molded cover and held in compression. 


1,497,927--А. Meissner, filed September 3, 1921. Assigned to 
Gesellschaft fur Drahtlose Telegraphie m.b.H., Hallesches, 
of Berlin, Germany. Issued June 17, 1924. 


SENDING ARRANGEMENT, where the harmonics are suppressed 
by means of a grounded circuit arrangement in parallel with the 
grounded portion of the antenna. The grounded circuit is tuned 
to prevent the radiation from the antenna of harmonics of the 
fundamental frequency. 


1,497,948—I. Shoenberg, filed April 9, 1918. Assigned to Radio 
Corporation of America, of Delaware. Issued June 17, 1924. 


THERMIONIC Device for securing an intermittent discharge 
of electrons from the filament. Alternating current is employed 
for heating the filament of a thermionic device. The temperature 
of the filament, provided its diameter is properly chosen, will 
then be proportional to the square of the current. Due to the 
thermal inertia, that is insufficient radiation from the filament, 
the temperature of the filament will lag behind the current. This 
property is utilized in various ways such as the reception of con- 
tinuous wave radio signals. А choke coil saturated by a direct 
current is employed in series with the alternating current source 
for controlling the heating current to the filament. 
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1,498,129—A. Е. Spicer, filed June 5, 1923. Assigned to Thomas 
J. F. Coady, of New York. Issued June 17, 1924. 


Клоо TELEPHONE RECEIVING APPARATUS, constructed in 
compact form and including a miniature pick-up loop. The 
tuning unit includes a primary coil having a tap substantially 
central of the length of the coil. The ends of the coil are con- 
nected by a shunt circuit through condensers. A rotary coil 
is positioned adjacent each end of the primary coil. One of the 
rotary coils is connected in series with the primary coil and the 
other rotary coil is connected between the central tap and a 
ground connection. The receiving apparatus is connected across 
the tuning system with suitable amplification for bringing in 
signals. 


List oF Rapio TRADE Manks PUBLISHED BY PATENT OFFICE 
PRIoR TO REGISTRATION 


(The numbers given are serial numbers of pending applications) 


184,263—‘“‘ALL-AMERICAN”’ for radio apparatus, in ornamental 
design. Rauland Mfg. Co., Chicago, Illinois. Claims use 
since October 15, 1919. Published May 6, 1924. 


190,373—''CRowN" for radio apparatus, in ornamental design 
Crown Radio Mfg., Inc., New York, N. Y. Claims use since 
about November 1, 1922. Published May 6, 1924. 


190,773—''SELECTOFORMER'' for radio apparatus, Electrical Re- 
search Laboratories, Chicago, Illinois. Claims use since 
December 3, 1923. Published May 6, 1924. 


191,386—‘‘HETEROFORMER” tuning coil, Elvin Radio Co., Phila- 
delphia, Pennsylvania. Claims use since on or about De- 
cember 15, 1924. 


191,387 —" "HETEROPLEX'' for radio receiving sets. Elven Radio 
Co., Philadelphia, Pennsylvania. Claims use since on or 
about December 15, 1923. Published May 6, 1924. 


191 ,423—“‘LisTEN-TO-THE-WORLD”’ Radio for radio receiving sets. 
B. & C. Radio Company, Inc., Boston, Massachusetts. 
Claims use since about December 1, 1923. Published May 
6, 1924. 


192,287—''SELECTOMETER" for wave traps and tuning instru- 
ments. Vesco Radio Shop, Oakland, California. Claims use 
since January 1, 1923. Published May 6, 1924. 
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192,420—''SERENADA'"' for loud speakers. Racon Electrical Co., 
Inc., New York, N. Y. Claims use since December 21, 1923. 
Published May 6, 1924. 


192,742—''AEOLUS'"' for radio receiving sets. H. M. Tower, Inc., 
West Haven, Connecticut. Claims use since November 1, 
1923. Published May 6, 1924. 


193,248—‘“‘Rapio” for radio apparatus, in ornamental design. 
Radio Sales Studio, Іпс., Washington, D. C. Claims use 
since June 1, 1923. Published Мау 6, 1924. 


183,901—''MipGET" for radio sets. Midget Radio Company, 
Philadelphia, Pennsylvania. Claims use since May 4, 1922. 
Published May 6, 1924. 


185,353—''Foun-PnHoNE-PLuc" for radio phone plugs. Тһе 
Barkelew Electric Mfg. Co., Middletown, Ohio. Claims use 
since September, 1922. Published June 10, 1924. Not sub- 
ject to opposition. 


170,132—‘‘Frost Rapio”’ for radio receiving apparatus. Her- 
bert H. Frost, Chicago, Illinois. Claims use since Septem- 
ber 30, 1922. Published June 17, 1924. 


170,133--“Ілке РовтасЕ Stamps, UsEp EVERYWHERE” for radio 
receiving apparatus. Herbert H. Frost, Chicago, Illinois. 
Claims use since August, 1921. Published June 17, 1924. 


189,924—‘‘Rapio UNITED" for radio receiving sets, in ornamental 
design. United Cigar Stores of America, New York, N. Y. 
Claims use since November 7, 1923. Published June 17, 1924. 


191,499--“Тне Москімс Вінр” for radio receiving sets. Mor- 
rison Laboratories, Inc. Detroit, Michigan. Claims use 
since December 1, 1923. Published June 17, 1924. 


191,584—''—RaAMo—" for radio and wireless merchandise. 
Ramo Radium Products Co., New York, N. Y. Claims use 
since September 8, 1923. Published June 17, 1924. 


193,844— '"STRAND" for radio receiving apparatus, іп ornamen. 
tal design. Manufacturers Phonograph Co., Inc., New York 
N. Y. Claims use since January, 1921. Published June 15, 
1924. 


194,908—“RapioscorE” for variable condensers. — Chelten 
Electrie Co., Philadelphia, Pennsylvania. Claims use since 
November 27, 1024. Published June 17. 1924. 
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194,936—“NaTIONAL” for radio transformers, іп ornamental de- 
sign. National Transformer Mfg. Co., Chicago, Illinois. 
Claims use since September 15, 1921. Published June 17, 
1924. 


195,143—''PHONODYNE" for radio receiving sets, in ornamental 
design. George A. Turner, Stockton, California. Claims 
use since March 1, 1924. Published June 17, 1924. 


195,302—'*WHaT's IN THE AIR,” a monthly magazine published 
by the Reincke-Ellis Co., Chicago, Illinois. Claims use since 
August 1, 1923. Published June 17, 1924. 


195,317—'*"THURMAN" for vario couplers. Charles L. Thur- 
man, Philadelphia, Pennsylvania. Claims use since Feb- 
ruary, 1924. Published June 17, 1924. 


195,830--“Калго PRoGREss,”’ a magazine. Oxford Press, Provi- 
dence, Rhode Island. Claims use since March 15, 1924. 
Published June 17, 1924. 


193,794—''APco" for battery chargers. Арсо Mfg. Co., Provi- 
dence, Rhode Island. Claims used since 1910. Published 
May 27, 1924. 


193,846—‘‘Moon”’ С-2А, in ornamental design, for radio receiv- 
ing sets. Moon Radio, Inc., Long Island, New York. Claims 
use since May, 1922. Published May 27, 1924. 


193,908—‘‘Erraco”’ for radio receiving sets, in ornamental de- 
sign. Elgin Radio, Inc., Elgin, Illinois. Claims use since 
October 17, 1922. Published May 27, 1924. 


194,119—''NICKELETTE" for radio receiving sets. Novelty 
Radio Mfg. Co., St. Louis, Missouri. Claims use since Feb- 
ruary 23, 1924. Published May 27, 1924. 


183,318—''NiGHTINGALE'"' for radio receiving sets. Тһе Cleve- 
land Apparatus Co., Grafton, Ohio. Clains use since May 
1,1923. Published May 27, 1924. 


187,490—''SuacroN Rapio PnRopvcrs" in ornamental design, for 
radio apparatus. Harold M. Schwab, Inc., New York, 
М. Y. Claims use since August 6, 1923. Published May 27, 
1924. 


189,384—''MELco" for radio receiving sets and parts thereof. 
Amsco Products, Inc., New York, М. Y. Claims use since 
July 12, 1922. Published May 27, 1924. 
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189,473—''OPERADIO" for radio receiving sets. Тһе Орегафо, 
Inc., Chicago, Illinois. Claims use since April 15, 1922. 
Published May 27, 1924. : 


191,711—''MACKLINE'" in ornamental design, for radio antennas 
and tube-projecting apparatus. Franklin H. Mackenzie, 
doing business as Mack Co., Philadelphia, Pennsylvania 
Claims use since July 16, 1923. Published May 27, 1924. 


193,080—''Sung-RAD" for radio receiving sets and apparatus 
therefor. Hugh Stevenson, Rochester. New York. Claims 
use since October 7, 1924. Published May 27, 1924. 


194,630— 'LAFAYETTE" for radio apparatus. В. E. Thompson 
Mfg. Co., Jersey City, New Jersey. Claims use since Feb- 
ruary 7, 1924. Published May 27, 1924. 


194,713—''ArR сост” in ornamental design for radio receiving 
sets. Kilbourne and Clark Mfg. Co., Sesttle, Washington. 
Claims use since about December 1, 1923. Published May 
27. 1924. 


195,254—''DERESNADYNE' for radio receiving sets and parts. 
Andrews Radio Co., Chicago, Illinois. Claims use since 
March 1, 1924. Published June 17, 1924: 
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COUPLED CIRCUITS,’ PUBLISHED IN THE 
"PROCEEDINGS OF THE INSTITUTE OF RADIO 
ENGINEERS," JUNE, 1924 


Ву 
E. LEON CHAFFEE 


All letters L, C, Е, and » occurring in Part I should have the 
subseript unity. 

In some equations the subscript is outside the exponent as 
0*,. These typographical errors do not change the meaning, and 
the above symbol should read in the usual form as @,?. 

Page 
300 In equation (1-1) there should be no minus sign before 
C in the second bracket of the denominator. 
304 Equation (4-1), R? should read Pe. | 
305 In equation (5-а) the fraction in the first parenthesis 
of the denominator should be Е 
1 
Тһе third line below equation (5-а) should read 
— ТЕ = В, and 1— А = B, 
306 In equation (7-1) В. should Бе F,?. 
Equation (7-a) should read 
В. = т; B | 
(oq P+ BYP 
Italics beside equations (7-1), (7-a), (7-b), should read 
Adjustment of secondary reactance to give тах. Г. Equation 
of Max. 1-2 line. 
307 In equation (8-а) M; should be 71. 
In the second line below (8-а) parenthesis should be 
after 12. 
309 In equation (14-a) 7? should be 2;. 
312 Omit parenthesis in third line above Figure 6. 


1 


ч 
ean 


313 In the second line below equation (17-a) zi should be 


aN 
ts 


In the third line below equation (17-a) T= ` 


» 
2 


should 


ыч NN 


be T=1, 


314 


315 


317 


320 


321 


322 


323 


In the fifth line below Figure 7 y= yo should read 2--2,. 

In the fifth line from the bottom of the page change 
y to A. 

In the fourth, fifth, and seventh lines above Figure 8 
change y to А. Insert “апа” before moving" in the fifth 
line above Figure 8. 

On this page every y should be changed to 4 except in 
the eleventh line from the bottom where y — 1. 

In the second line below equation (20) "effects" should 
be “affects.” 

In equation (25-а) and in the line below and also in the 
third line of the second paragraph k should be К. 


Equation (29) should read В = 1 — ( y -1- z 


Equation (33) should read 7: = I^ % Hy 


should be Rz, and in the second line from the bottom В» 
should be Rz. 

Case 1 should read ‘‘Special Case of," etc. 

In equation (36-2) 70 should be 720. 

The X; in the third and fourth lines from the bottom, 
in equation (37-1), and in the notation to the right of 
(37-1) should not be in Claredon Type. 

The italicized notation to the right of equations (37-1) 


_ and (37-a) should read 
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329 


392 


333 


“X to give max. I} Equation of max. 1-2 line. 
З, to give max. I}. Equation of max. 1-2 line." 
The parenthesis in the denominator should be closed at 
the end of equation (38-1), also the parenthesis should be 
closed after 6 on the last line. 
Equation (47) should read 


СЕДАН ТАҒЫЛДЫ D? C 4-3) e? 
— 272 (1—1?) 01° 0+ ^ HTa) fot =0 
/1 


Equation (48) should read фы. 
(Ms fo GE 
03 01° 


In equation (49-a) in the first set of brackets г! should be 7°. 


5 is the coefficient before the second set of brackets. 
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335 
338 


339 


340 


341 


342 


346 


349 


350 


354 


Insert 0 before Lı о, іп the second parenthesis of the 
denominator of equation (50-a). 

In both forms of equation (50-а) Е in the numerator 
should be Ёл. In the last line of the second form of equation 
(50-a) the coefficient before the last set of brackets is " 

In the second and fourth lines below (50-а) Қ should 
be дз. 

Ao 
The second line should read “‘system at point P," etc. 

In equations (45-2) and (46-2) Р» and Ха should read Ra 
and Xo. 
In the first line S should be s. 

Ra and Ха in equations (55-1) and (56-1) should be 
Re, and Ха. In the second line of equation (58), 7 should 
be 71. 

In equation (60) the first brace under the second square 
root sign of the denominator should read 


87 727, 2 
71° 0?4- ( 1— ^ 

In the first line above Figure 22 and the last line on the 
page, the number 23 should be inserted between the num- 
bers 22 and 24. 

In the second line from the top of the page in place of 
“below” insert “by equations (59) and (60)." 

In the eleventh line from the bottom of the page insert 
“Іп” after “drop.” 

The italics after equation (61) should read ‘Intersection 
of 6 line. Tip of point. 

The fifteenth line from the bottom of the page should 


read “бо that the settings for the tip of the point аге,” etc. 

In the third line above Figure 31 7;— —7 should be 
п = — 52. In the first line above the same figure insert а 
semicolon after the first inequality. Тһе second inequality 
should read |%|< эл. 

In the first line above equation (63) substitute у». 

In the fifth line from the top of the page k should be A. 
1- 

0 

The second line of the second paragraph should contain 


In the seventh line fraction should read 
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the fraction Ta in place of the one given. 
1 
іп the seventh line from the bottom of the page change 
79 {о ”” = .05. | 
357 
358 ? In the “Хотесізілге” all 578 should be К?з. 
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A METHOD OF MEASURING RADIO FIELD INTEN- 
SITIES AND ATMOSPHERIC DISTURBANCES* 


By 
L. W. AUSTIN 


(PHYSICIST) 


AND 
E. B. JUDSON 


(ASSOCIATE RADIO ENGINEER) 


(BUREAU OF STANDARDS, WASHINGTGN, D.C.) 


(Communication from the International Union of Scientific Radio 
Telegraphy) 


THE TELEPHONE COMPARATOR 


The following method of measuring telephone currents has 
been developed to take the place of the older telephone shunt 
method. 

The apparatus is shown in Figures 1 and 2. Here 1 repre- 
sents the 1,000-cycle tuning fork generator, manufactured by 
the General Radio Company, Cambridge, Massachusetts, Type 
213. This generator operates on 6 volts and delivers a current 
of about 15 milliamperes thru 100 ohms. This has been found 
considerably superior to any audio-frequency electron tube gen- 
erator which has been constructed, on account of relative free- 
dom from harmonics, and ease in suppressing residual effects. 
To prevent hearing the fork directly, the oscillator is generally 
placed outside the receiving room. 

Figure 2 represents the circuits making up the telephone com- 
parator. The voltage divider has a resistance of 100 ohms, with 
two dials having steps of one and ten ohms. The milliammeter 
used is of the thermo-element type, having a range of 0 to 25 
milliamperes, the current used being generally 10 milliamperes, 
giving a fall of potential across the voltage divider of one volt. The 
current to the telephones passes thru resistances R, and Re, which 
are large enough to make variations in the telephone impedance 
~~ *Received by the Editor, August 8, 1924. 


Published by permission of the Director of the Bureau of Standards of 
the United States Department of Commerce. 
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nearly negligible. Generally 200,000 ohms are used. Іп this 
way it is easy to calculate the current in the telephones without 
accurate knowledge of their impedance. The telephone terminals 
are connected to a double-pole, double-throw switch which per- 
mits them to be connected either to the comparator, or to the 
radio receiving circuit. 


е VOLTS 
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ZERO ши MED HIGH 


FicurE 1—General Radio Company Туре 213 1000 œ Audio 
Cscillator 


MILLIAMMETER НЕ 


Ғісове 2— Telephone Current Comparator 


MEASUREMENT OF SIGNALS 
The process of measuring signals in the case of beat reception 
is as follows: the telephones are connected to the receiving set, 
and the radio frequency circuits are tuned to give beat reception, 
and the heterodyne or autodyne condenser adjusted to give the 
same beat note as the audio oscillator. If the signals are at all 
strong, the telephones are shifted forward.on the head until the 
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received signals are just audible since the comparison of sounds 
is much more accurate if they are weak. Тһе telephones are 
then thrown to the telephone comparator side and the voltage 
divider adjusted until the telephone sound is of the same intensity 
in the two positions of the switch, the comparator currents being 
broken up to simulate signals by means of the key K. In this 
way the telephone currents can be measured with an accuracy 
of from 3 to 5 percent. 

For the measurement of spark signals and atmospheric dis- 
turbances, no matching of the note of the comparator is possible, 
which, of course, materially reduces the accuracy of the meas- 
urements. 

For the measurement of very weak signals it is desirable to 
reduce the current thru the voltage divider without correspond- 
ingly reducing the current in the milliammeter. This may be 
done by placing a one-tenth shunt across the voltage divider at S. 


ELECTRIC FIELD INTENSITY 


In order to make absolute measurements of the field from the 
transmitting stations, it is necessary to know (1) the resistance 
of the receiving antenna at the given wave length, (2) the radia- 
tion height (effective height) of the receiving antenna, and (3) 
to calibrate the telephone current as measured on the telephone 
comparator їп terms of antenna current. 

(1) The resistance (R) of the antenna is best obtained by the 
resistance-variation method, using a tube oscillator as the source 
of power and measuring the current in the antenna with a thermo- 
milliammeter or thermo-element and galvanometer (see Bureau 
of Standards, Circular Number 74). 

(2) The radiation height (h,) of the receiving antenna сап be 
measured by measuring the current received from a station one 
to ten wave lengths away, of known transmitting current (Ie), 
radiation height (As) and distance (d), using thermo-element and 
galvanometer, from the formula, expressed іп wave length 4 and 
also in frequeney f, 


І. h. hs _5 ТАА. 
1,—120z Т -40Xx10^?z ''" 
дағ A d R 
in meters, ohms, kiloeyeles, amperes, 
„ЛАК I Ld R 


" 12021,0, 40x10-9z I. hif 
If this measurement cannot be made, the approximate height h, 
may be taken as !5 the average height of the flat top (equivalent 
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to the proposal by Dellinger.! If a coil antenna (loop) is used 
instead of an elevated antenna, its effective height can be calcu- 
lated, disregarding the effect due to capacity to earth (antenna 
effect) from the formula. 


area X number af turns 
À 


(3) The telephone current as measured in the telephone com- 
parator can be calibrated in terms of antenna current from a 
signal of known intensity or better from a local oscillator as de- 
scribed later. Тһе constancy of this calibration over long periods 
is very satisfactory, provided the receiving circuits are tuned as 
follows: Both antenna and secondary circuits are first tuned 
with very loose coupling so that there is no reaction between 
them. Тһе coupling is then closed until the best signal 1s ob- 
tained, returning the secondary as may be required, but leaving 
the antenna tuning unchanged. This method, while not giving 
the loudest possible signals, can be depended on to give constant 
and perfectly reproducible results. The detuning of the second- 
ary at least at the longer wave lengths in autodyne reception pre- 
vents the introduction of appreciable coupling resistance in the 
antenna. 

Experiment shows that the telephone current, 7, in beat 
reception is proportional to the square root of the watts, W, in 
the receiving antenna, and if E be the total emf. on the antenna, 
h the radiation height, e the electric field intensity, and R the 
resistance 


h,227z = 6.67 X 1079 f - area Xturns 


since V/W = В I, where B is the sensitivity constant of the 
apparatus. Е 
The field intensity е = E 
where B is to be determined from observations on signals of 
known strength or from the local oscillator. 
If it is desired to construct the apparatus for the measure- 
ment of signals, the following may be of service: 
А suitable two-dial voltage divider can be made from any 


_ Principles of Radio Transmission and Reception with Antenna and Coil 
d J. H. Dellinger, Bureau of Standards Scientific Paper, Number 351; 
1919. 
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dia] resistance box by reconnecting the units and tens as shown 
in Figure 3 and cutting out the other dials or keeping them at zero. 


Е1совЕ 3—Connection for Voltage Divider 


The thermo-milliammeter in the comparator may be replaced 
with some considerable reduction in cost by a Western Electric 
Company’s vacuum thermo-element and General Radio Com- 
pany’s 10-ohm pointer galvanometer. A 35-ohm thermo-element 
shunted by six or seven ohms is convenient as this can be used 
without shunt in the local oscillator to be described later. The 
thermo-element galvanometer combination is calibrated by direct 
current which must be reversed thru the thermo-element heater 
and the mean deflection taken if a difference in reading is shown 
on reversal. Another possible inexpensive combination for meas- 
uring the comparator current is a Weston thermo-galvanometer 
(115 milliamperes full scale) and proper current transformer, tho 
the deflection will be small. 

Two Lavite units of 100,000 ohms each are convenient for 
the resistances in the telephone leads. 

A simple and compact tube oscillator can be constructed, 
using a low-current tube (UV-199) with dry cell “А” battery and 
“В” battery and the circuit shown in Figure 4. It is important 
that the whole oscillator be enclosed in а copper-lined box with 
tight-fitting cover. "The copper box is grounded and also the 
lower end of the 1-ohm shunt, preferably a straight piece of Num- 
ber 36 “Advance” wire. Itisalsoimportantthat the coil L, (Figure 
9), to which the secondary of the receiving set is coupled, should 
be next the ground, for even a small amount of capacity coupling 
will produce large errors in the measurements. If a closed coil 
antenna (loop) is used instead of an elevated antenna the 1-ohm 
shunt from the oscillator is best placed in the middle of the loop. 
The thermo-element used in our laboratory is a Western Electric 
Company's type of 35 ohms heater resistance and the galvan- 
ometer is & General Radio Company's 10-ohm pointer instru- 
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ment. The galvanometer can in most cases be kept outside the 
shielded Бох. As calibration on one wave length in the general 
range of observation is all that is required, if the oscillator is not 
to be used for other purposes, the condenser C for the sake of 
compactness сап be of the fixed type. For work with trans- 
Atlantic stations, L;=25 mh., L4— 5 mh., and c=0.002 af. This 
will give a wave length of about 15,000 m. The radio frequency 
current in the thermo-element should be between one-half and 
three milliamperes. This may be regulated by the coupling 
between the coils and by the filament current, or by resistance. 


Le 


EXAMPLE ОЕ CALIBRATION 


Suppose a current of one milliampere is sent thru the 1-ohm 
shunt of the tube oscillator. This impresses 1 millivolt on the 
antenna, so if the antenna resistance including coils is 75 ohms, 
the power in the antenna 

_ Е* _ 1Ж10-° 


Ы— => è -8 
W R^ 75 1.33 X10 " watts 


М = 1.15 x107* 

Experiments in the laboratory show that the strength of the 
signal current in the telephones with this connection, for a cer- 
tain potentiometer setting, is, for our apparatus, approximately 
five times the strength of the current with the comparator used 
normally with 200,000 ohms in series with the telephones. 

Now if at the same time the telephone comparator with its 
voltage divider set at 13 ohms gives the same intensity of sound 
in the telephones as the tube oscillator with the secondary prop- 
erly coupled to the antenna, there will be а voltage on the tele- 
phone circuit from the comparator of 0.13 volts. If the telephones 
have an impedance of approximately 30,000 ohms and the added 
resistance in the telephone circuit is 200,000 ohms, the telephone 
current 

_ 1.30107" 
"23х10 
Since the telephone current is proportional to the square root of 
the antenna watts in beat reception 
VW = ВІ, 
where В is the sensitivity constant of the receiving set апа 
p. VW _ 115X10 
Ie 5.65Хх10-” 


—5.65 X107" атр. 


= 204 


Tue RECEIVING SET 


The autodyne receiving set used in the measurements is 
shown in Figure 5. Тһе inductances Li, Le, Ly, Ls, and Le are 
coils of 30 mh., inductance and L; is 5 mh. The 30 mh. coils are 
wound with litz wire (48 strands, Number 38) on flat wooden 
spools. The wire space is 21 mm. long with an inside diameter 
of 72 mm. and outside diameter of 150 mm. The 5 mh. coils are 
similar but with an outside diameter of winding of about 100 mm. 
These have a resistance at the trans-Atlantic wave lengths of a 
little less than one ohm per millihenry. While it is desirable to 
have the coils in the antenna of low resistance, this is of no con- 
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sequence in the secondary circuit, and solid wire сап be used if 
desired, since resistance can be compensated by increasing the 
back coupling. Flat type coils are convenient for long-wave 
work but are not suitable below 2,000 meters and may be re- 
placed thruout the set by honeycomb or other good coils which 
may be used at all wave lengths. The coil L; is attached to flexi- 
ble leads for convenience in varying the coupling to the antenna 
coil Га, which should be nearest the ground. The secondary 
variable condenser has a maximum capacity of 0.003 ef, in parallel 
with a 0.0005 af. condenser used for exact tuning. The variable 
antenna condenser has a capacity of 0.005 af., while the capacity 
of the fixed stopping condenser C; is 0.002 м. То guard against 
variations in tube sensitivity with use, two tubes of the same 
sensitivity are chosen and connected so that either one can be 
thrown into the set. In this way a check can be kept on the con- 
stancy of the regular observing tube by occasional comparison 
with the spare. Б 


TO COMPARATOR 


Figure 6—Circuit for Measuring Strong Signals 


SPECIAL METHODS OF USING THE TELEPHONE COMPARATOR 


1. MEASUREMENT OF VERY STRONG SIGNALS 


Some difficulty has been experienced in measuring the strength 
of strong American stations with the telephone comparator, 
because it is generally necessary to keep the telephones at a con- 
siderable distance from the ears, in order to obtain a perfect com- 
parison. This condition often allows outside noises to distract 
the observer’s attention. 

The following arrangement permits keeping the telephones on 
the ears, as in ordinary reception, even in the case of very strong 
signals. 

An impedance equivalent to that of the telephones is connected 
in series with the telephones in the plate circuit of the receiving 
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set with а switch provided to short circuit it when necessary. 
The telephones are shunted with a variable non-inductive re- 
sistance which can be switched out of the circuit when not in use. 
With the equivalent impedance in the circuit the shunt across 
the telephones is varied until the received signal becomes as weak 
as desired. The shunted telephones may then be switched alter- 
nately from the receiving set to the comparator and measure- 
ments made in the usual manner with the telephones directly on 
the ears. 

Comparatively weak signals can be measured thru heavy 
atmospheric disturbances with this method, provided the dis- 
turbances are not too continuous, as it eliminates the deafening 
effect of the strong disturbances. 

For ordinary signal measurements the impedance coil 18 
shorted out by a single pole single throw switch and the shunt dis- 
connected from the telephones. Figure 6 shows the schematic 
diagram. 


2. MEASUREMENT OF ATMOSPHERIC DISTURBANCES 


The early method of determining the strength of atmospherics 
was unsatisfactory. In this the disturbances were compared with 
the 1,000-cycle generator output in the same manner that radio 
signals are compared. The difference in the sound of the two 
sources and the variations in the strength of the disturbances 
made measurements difficult and inaccurate. Often, disturb- 
ances were too strong to measure. 

The method now in use applies the voltage from the output of 
the comparator directly to the plate circuit of the receiving set, the 
high resistances being cut out. Atmospheric disturbances and the 
1,000-сусіе signal from the comparator can then be heard sim- 
ultaneously, andthe strength of the comparator signals is adjusted 
until when sending atabout twenty words per minute they become 
just readable thru the disturbances. Hand sending or an auto- 
matic transmitter placed in the tuning fork oscillator line can 
be used to produce the signals. Experiments in the laboratory 
show that the strength of the signal current in the telephones 
with this connection, for a certain voltabe divider setting, is for 
our apparatus as nearly as can be measured five times the strength 
of the current with the comparator used normally with the 
200,000-ohm resistance in series with the telephones. There- 
fore, the field intensity corresponding to the voltage divider set- 
sing necessary to read thru the atmospheric disturbances, when 
multiplied by five, is taken as the field strength of the disturb- 


ances. Figure 7 shows the connections used. 
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3. MEASUREMENT OF AMPLIFIED SIGNALS 


It is nearly impossible to measure the strength of signals with 
the telephone comparator in the usual way when audio-frequency 
amplification is used. When the 1,000-cycle tuning fork is run- 
ning, the amplifier generally amplifies the residual current in- 
duced in the receiver from the leads of the comparator, sufficiently 
to drown a radio signal of moderate strength. It has been found 
necessary therefore to open the “zero” side of the tuning fork 
oscillator leads when the comparison switch is thrown to the 
radio signal and close it when thrown to the comparator. This 
can be done by means of an ordinary telegraph relay placed close 
to the tuning fork oscillator and controlled by a switch which 
can be thrown simultaneously with the comparison switch. The 
signals can then be measured in the usual manner. 


Figure 7—Circuit for Measuring Atmospherics 


4. APPARATUS FOR MEASURING THE RADIATION HEIGHT OF 
TRANSMITTING STATIONS 


The apparatus described was intended for measurements on 
stations having antenna currents of 40 amperes to 250 amperes. 
masts more than 60 m. high, and wave lengths of 6,000 m. and 
above. The receiving loop is 24.4 m. long, 9.15 m. high, and 
wound with 15 turns of Number 16 (diameter = 1.29 mm.) hard 
drawn copper wire, the turns being spaced approximately 15 cm. 
apart. The frame is swung between two portable masts 14 m. 
high and 30 m. apart аба distance of about one wave length from 
the transmitting station to be measured, preferably with level 
ground between, and no trees in the immediate vicinity of the 
loop. The direct current resistance of such a loop is approxi- 
marely 12 ohms. 

The indicating apparatus consists of a Leeds and Northrup 
portable galvanometer having a coil resistance of approximately 
20 ohms, and requiring about 20 microvolts for a deflection of 
one division; and a Western Electric Company’s vacuum thermo- 
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element, Type 5a, having a heater resistance of about 35 ohms 
and a thermocouple resistance of about 10 ohms. The thermo- 
element can be calibrated by direct current provided the current 
is reversed and the mean of the two galvanometer readings taken, 
if any difference is shown. A typical calibration shows 10 mm. 
galvanometer deflection for 0.71 milliamperes in the heater of 
the thermo-element, and 140 mm. for 2.58 milliamperes. 

The transmitting station usually makes one-minute dashes, 
with intervals of one minute between. This enables the resist- 
ance of the loop to be measured by inserting known additional 
resistance and noting the reduction in deflection. A station with 
180 m. masts transmitting with 100 amperes at 10,000 m. will 
give 1.5 milliamperes in the loop, or 48 mm. galvanometer deflec- 
tion assuming a 63-ohm total loop resistance; and indicates a 
radiation height of the transmitting station of 120 т. A station 
with 90 m. masts, transmitting at 6,000 m. with 50 amperes will 
give about 30 mm. on the galvanometer scale. 

The calculations expressed both in wave length and frequency 
are made from the formula 


For Two Antenna: 
1,һ,һ, 40x10 ?zl.h, h,f 
ipee жүре dR 
TEE E 1а _ Тар 
* 120zh1, 40Xx10-5zh.I,f 
For Loop Receiving: 


If the radiation height of the receiving loop is 


һ,=2 ene На = 6.67 X10 ^ х NHL f 
then the radiation height of the transmitting antenna will be 
h І, гав I,dR 


2 240д?[, МНІ 26.7 х10-9:21,УНІ,Р 
when Г, is received current in loop, 
І, the transmitting current, 
h, the transmitting radiation height. 
М, Н, L are respectively the number of turns, height, and 
length of the loop, 
А the wave length, 
f the frequency, 
d the distance from transmitting station, and 
R the total resistance in the loop circuit. 
All quantities are expressed in meters, kilocycles, ohms, 


and amperes. 
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SUMMARY: The method of measuring radio signals here described depends 
on the determination of the equality of the sound intensities in the telephones 
from the signal and from a known alternating current preferably giving the 
same tone. The measured local current із taken from a thousand-cycle tuning 
fork oscillator and the electromotive force impressed on the telephones is con- 
trolled: by a voltage divider. The errors of measurement may be under good 
conditions less than five percent, tho in case of spark signals and atmospheric 
disturbances when the two tones cannot be matched it will be very much 
greater. Special arrangements are described for measuring very strong signals 
and atmospheric disturbances. 
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DISCOVERY OF А PLACE WHERE NO STATIC COULD 
BE HEARD IN AUGUST* 


By 
В. H. MARRIOTT 


(Navy YARD, BREMERTON, WASHINGTON) 


In August, 1921, we found a place at Pop Point on Thorne 
Arm in Southeastern Alaska, sixteen miles (25.6 km.) east-north- 
east of Ketchikan, where no static was heard for six days, altho 
numerous radio stations on the Расе Ocean and on the Pacific 
Coast could be heard complaining to each other and asking for 
repetition of messages because of interference from static. 

Tests made with directive antenna, at Astoria, Oregon, for 
several days in July, 1920, and at odd times later, indicated that 
the chief static centers affecting receiving at Astoria were proba- 
bly Mt. Jefferson, Mt. Wilson, Mt. Hood, Mt. St. Helens, Mt. 
Adams, and Mt. Rainier; Mt. Rainer apparently being the chief 
center, altho farther from Astoria than Mts. St. Helens and 
Adams. 

Tests made at Bremerton, Washington, two or more times 
per day from July 26, 1920, to September, 1921, gave Mt. Rainier 
as the chief center about 90 percent of the time. Mt. Rainier 
ік about fifty miles (SO km.) from Bremerton. Some of the tests 
were made simultaneously at Astoria and Bremerton, giving 
cross bearings on Mt. Rainier. In addition to the statie max- 
ima received from the direction of Mt. Rainier, occasional storm 
static centers became apparent first in the southwest and traveled 
over Bremerton, producing an all-direction effect when near by, 
followed by a dving-out directional effect in the northeast. From 
November 15th to April 15th the statie was usually too indefinite 
to Judge direction. 

Mt. Rainier (another name for which is Mt. Tacoma) rises 
abruptly from a nearly sea level elevation. To the west of the 
mountain is a comparatively low land area over which cool air 
from the Pacific can move toward the mountain and be heated by 
the sun's rays and warm earth and obtain some dust and сот 
siderable moisture. This more or less saturated and dust-bear 

* Received by the Editor, April 10, 1924 
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ing air may then come quite abruptly in contact with Mt. Rainier, 
which is 14,471 feet (4,410 m.) high and capped by perpetual 
glaciers. If the temperature of the air west of Rainier reached 
as high a value as air reaches in the eastern part of the United 
States, Mt. Raimer might be the most violent static center in 
the United States. However, our air averages probably 15° F. 
(S? C.) сощег than eastern air, and we are bothered less by static. 
Probably it should also be mentioned that Mt. Rainier is classed 
as an extinet voleano and that visitors to the top occasionally 
report that some gases are still given off. 


Тһе other peaks previously mentioned are high and cold on 
top but are not so high as Rainier or do not bear the same relation 
to warming-up areas for air. Numerous other mountains in the 
territory to be considered are not snow-covered in summer or else 
the warm, moisture-bearing air probably does not come in contact 
with them, and they probably screen off the effect of static and 
radio signals instead of producing static. The static-producing 
peaks also apparently have a screening effect for radio signals 
and probably as well for static disturbances coming from points 
beyond them. 

Passing northward along the Pacific Coast at sea, the effect 
of static apparently decreases. Passing northward from Tacoma, 
thru Puget Sound, which is separated from the Pacific by the 
Olympic peninsula, and then north back of the islands along the 
coast of Canada and the coast of southeastern Alaska, the static 
effect apparently decreases on the average until a point is reached 
in Icy Straits southeast of Mt. St. Elias, where the ocean-going ves- 
sels leave the inside passages and go out to sea across the Gulf of 
Alaska towards Cordova. From that point, just inside of Icy 
Straits, the static interference apparently gets stronger. Direct- 
ional measurements from Cordova indicated maxima in the direc- 
tion of Mt. St. Elias. Mt. St. Elias rises abruptly from the sea 
to 18,024 feet (5,500 m.) This mountain and the vicinity are 
covered by many glaciers. However, air from the Gulf of Alaska 
Is probably never very warm because the Pacific Ocean is com- 
paratively cool. Also there have been reports of quite violent 
static by radio operators located at Yakutat, which is near Mt. 
St. Elias. 

Returning from Cordova we selected a location sixteen miles 
(25.6 km.) east-northeast of Ketchikan. 

In choosing this site we gave particular attention to the fact 
that the study of natural static is commonly interfered with by 
man-made static. Not only is it sometimes difficult to distin- 
guish man’s static from nature’s static, but man-made static 
sometimes drowns out the natural static. For example: our read- 
ings on Mt. Rainier static were somewhat confused by a “Соё- 
trell” precipitator of dust from the smoke of the Tacoma, Wash- 
ington smelter. That device uses many kilowatts in producing 
а multitude of sparks. Mt. Rainier’s cold top, east of Tacoma, 
apparently serves to condense warm moisture and dust-bearing 
air and to precipitate static discharges, thus making little and 
big sparks. Тһе man-made precipitator west of Tacoma charges 
the plates of air condensers to high voltages by rectifying high 
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voltage alternating current thru synchronous rotary spark рар 
rectifiers. Each air condenser consists of an insulated negative 
wire in a grounded positive concentric vertical tube one foot 
(0.305 m.) in diameter. The smoke passes upward thru the tube 
in the static field between the wire and tube where the dust is 
precipitated to the wire and wall of the tube, the gases passing 
on and out the stack. The charges on the tube and wire do not 
confine themselves to remaining static electricity or even kinetic 
charges in the form of minute sparks to minute particles of dust, 
but they jump across five or six inches (12 to 15 em.) quite fre- 
quently and irregularly, between the wire and tube. Also the 
high voltage alternating current occasionally flashes over. Alto- 
gether this is an extreme case of man-made static, some of which 
is quite like natural static, and all of which is capable of drown- 
ing out natural static, radio messages, and broadcasts over a 
considerable area. Tacoma radio listeners are between the 
beautiful natural precipitator (which they call Mt. Tacoma) and 
the economical man-made precipitator on Puget Sound. 

The site we chose at Pop Point was sixteen miles (25.6 km.) 
from the nearest high tension line or other likely source of man- 
made electrical interference. Having arrived at that site, a 
directional receiving loop and antenna similar electrically to 
those we had been using for a year was set up and used. No 
static was heard for the six days from August 9th to 15th. Noth- 
ing could be heard but radio stations and the faint sounds pro- 
duced by the tubes and batteries. We had avoided both man- 
made and nature-made static. Ships and shore stations as far 
north as Cordova, as far west as Honolulu and as far south as 
southern California were heard. Weusedthe regenerative detector 
and two stages of audio frequency. However, we did not hear 
any radio stations east of us or south of us as far inland as Seattle 
or Mt. Rainier. We were apparently screened from that section. 
The testing party consisted of Mr. R. L. Barbur and І. Mr. 
Barbur, in addition to being able to make the direction tests, 15 
an experienced radio operator. On the seventh day static was 
heard just as we were leaving and after the loop part had been 
dismantled. This static was apparently from a moving storm 
which blew in the following day from the southwest. 

Leaving this point we went to Ketchikan, where we heard 
static on a small antenna. From there we went to Sitka and, 
mounting our directional apparatus on a forty-foot (12.2 ш.) 
gas boat, we cruised around among the islands. The static in the 
vicinity of Sitka was weak and no definite directions were noted. 
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The ships’ radio operators traversing the inside passages in 
the island fringe along the coast of Canada and Southeastern 
Alaska have reported for years their inability to receive radio 
stations in certain spots. These reports have shown numerous 
combinations of ability to hear certain stations and not others, 
which sometimes reverse as the vessel proceeds. Broadcasting 
has brought out similar reports relative to the screening effect of 
inland mountains, and our receiving about Bremerton has always 
been handicapped by such mountains as the Olympics west of us. 
Tne screening effect of the high rugged land of this country is 
apparently much greater than the diminishing effect of the lower 
land on the east coast. 

Those islands of Western Canada and Southeastern Alaska 
are numerous. The larger islands are mountain high. Some 
islands carry peaks over three thousand feet (910 m.) in height. 
The channels between the mountains as a rule are comparatively 
narrow. In some cases ocean-going vessels pass thru waterways 
that are not over four hundred feet (120 m.) wide. In many 
cases standing on the deck of a vessel and endeavoring to see the 
tops of the mountain, it is necessary to look up as you would look 
up from the street to see the tops of the buildings in an American 
city. Also the mainland of Alaska and Canada is a similarly 
rough and rugged arrangement of mountains and valleys. Tall 
trees are characteristic of the entire section. 

My assumption is that the no-interference point sixteen miles 
(25.6 km.) east-northeast of Ketchikan was separated from per- 
manent static centers by just enough rough and rugged topog- 
raphy to be screened from those static centers while that point 
was not similarly screened from the Pacific Ocean and Pacific 
Coast. 


SUMMARY: The origin of natural static near mountain peaks is described 
and compared, in its mode of production and character, with that produced 
by smoke precipitators. 

Some mountains are believed to be soucres of static, while others act as 
absorbing shields to signal and static. On these bases, a certain point near 
Ketchikan, Alaska, was found where static was not heard in midsummer, 
while signals were received from some directions but not from others. 
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THE SUPER-HETERODYNE—ITS ORIGIN, DEVELOP- 
MENT, AND SOME RECENT IMPROVEMENTS* 


By 
Epwin H. ARMSTRONG 


(MARCELLUS HARTLEY RESEARCH LaBonaTOonvy, COLUMBIA UNIVERSITY 
NEW YORK) 

The purpose of this paper is to describe the development of 
the super-heterodyne receiver from a wartime invention, primar- 
ily intended for the exceedingly important radio telegraphic 
direction-finding service in the Signal Corps of the American 
Expeditionary Force, into a type of household broadcasting 
receiver, which, with our present vision, appears likely to become 
standard. 

The invention of the super-heterodyne dates back to the early 
part of 1918. The full technical details of this system were made 
public in the Fall of 1919.! Since that time it has been widely 
used in experimental work and is responsible for many of the 
recent. accomplishments in long distanee reception from broad- 
‘casting stations. While the superiority of its performance over 
all other forms of receivers was unquestioned, very many dif- 
ficulties rendered it unsuitable for use by the general publie and 
confined it to the hands of engineers and skilled amateurs. Years 
of concentrated effort from many different sources have pro- 
duced improvements in vacuum tubes, in transformer construc- 
tion, and in the circuits of the super-heterodyne itself, with the 
result that at the beginning of the present month there has been 
made available for the general publie a super-heterodyne re- 
ceiver which meets the requirements of household. use. 

It is a peeuliar cireumstance that this invention was a direct 
outgrowth to meet a very important problem confronting the 
American Expeditionary Force. This problem was the reception 
of extremely weak spark signals of frequencies varying from about 
500,000 cycles to 3,000,000 сусІех, with an absolute minimum 
of adjustments to enable rapid change of wave length. The 


*Presented before THe Institute oF RADIO ENGINEERS, New York; 
March 5, 1924. Received by the Editor, April 26, 1921. 

IPROCEEDINGS OF THE INSTITUTE OF Клио ENGINEERS, February, 1921. 
Presented December 3, 1919. 
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technical difficulties of this problem аге now so well known that 
it was not necessary to consider them. Round in England and 
Latour in France, by some of the most brilliant technical 
radio work of the war, succeeded in producing radio fre- 
quency amplifiers covering the band from 500,000 to 1,000,000 
cycles and tho covering a much more limited band, amplifiers 
operating on 2,000,000 cycles had been constructed. These re- 
sults had been accomplished by the use of vacuum tubes and 
transformers of a minimum capacity. As this apparatus was 
used in the highly important intelligence services, all information 
was carefully guarded. When the United States entered the war, 
the facts that it was necessary to produce sensitive receivers for 
short wave lengths and that tube capacity would prove the bar 
to a straightforward solution of the problem were not known in 
thts country. Аз a result, no attention was paid to the capacity 
in the type of vacuum tube which was adopted,and while the tube 
met the requirements of the lower frequencies admirably, it was 
impossible to use it effectively for the frequencies of importance 
in the direction-finding service. 

During the early part of 1918, thru the courtesy and energy 
of General Ferrié and his staff, the American Expeditionary 
Force was supplied with apparatus of French manufacture. It 
was quite apparent, however, that this source of supply could not 
be & permanent one, and a solution of the problem became essen- 
tial. During the early part of 1917, I had made a careful study 
of the heterodyne phenomena and their effect on the efficiency 
of amplification. | With this work freshly in mind, the idea 
occurred to me to solve the problem by selecting some frequency 
which could be handled by the tubes available, building an ef- 
fective amplifier for that frequency, and then transforming the 
incoming high frequency to this readily amplifiable value by 
some converting means which had no low limit; preferably the 
heterodyne and rectification. Тһе principles and advantage of 
this method were explained in & paper presented before this 
INSTITUTE’ and are now so well known that no further explana- 
tion is required here. 

After much experimental work, an eight-tube set was con- 
structed consisting of a rectifier tube, & separate heterodyne 
oscillator, three intermediate frequency amplifiers, а second 
22 а PROCEEDINGS OF THE INSTITUTE OF Rapio ENGINEERS, April, 1917. 
Presented October 4, 1916. 

3 This amplification is based on the ratio of the voltage applied to the 


second detector to the voltage at the loop terminals. The intermediate fre- 
quency amplification is unknown. 
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rectifier or detector, and two audio frequency stages. The inter- 
mediate frequency stages were coupled by tuned air-core trans- 
formers set for a frequency of about 100,000 cycles, with an 
adjustment for controlling the regeneration. The amplification 
of voltage measured at the input of the second detector with the 
amplifier just below the oscillating point, was about equivalent 
to a radio frequency amplification of 500.4 This is illustrated in 
Figure 1 and the arrangement of its circuits in Figure 2. It gave 
satisfactory results except that the inclusion of a regenerative 
control on the intermediate frequency amplifier made skilled 
handling necessary, as the adjustment of the frequency of the 
oscillator changed the plate current of the detector tube and 
this, in turn, varied the resistance which that tube introduced 
into the amplifier system and upset the regenerative adjustment. 
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FiGURE 1 


The Armistice ended development at this point, but in the 
fall of 1919, for the purpose of determining the results which 
could be obtained by pushing the super-heterodyne method of 
reception to the limit, а resistance-coupled intermediate fre- 
quency amplifier consisting of five high-» (amplification factor) 
tubes was constructed. Тһе voltage amplification of these five 
stages was probably between 5,000- and 10,000-fold. While 
greater amplification could have been obtained, the sensitive- 
ness of a set composed of a two-tube frequency converter, a five- 


+ PROCEEDINGS OF THE INSTITUTE OF Каро ENGINEERS, February, 1921. 
Presented December 3, 1919. 


541 


tube intermediate frequency amplifier, a detector, and one-stage 
of audio, was such that on a three-foot (one-meter) loop, the sole 
criterion of reception was simply whether the signal was stronger 
than the atmospheric disturbances. 

The sensitiveness of the super-heterodyne was demonstrated 
during the winter of 1919-1920, when the spark signals from 
amateur stations on the West coast and telephone signals from 
destroyers in Southern waters were received in the vicinity of 
New York on a three-foot (one-meter) loop. Probably the most 
striking demonstration of the capabilities of the method occurred 
in December, 1920, when Paul F. Godley, at Ardrosson, Scot- 
land, received the signals of a large number of amateur stations 
located in the United States, many of them being spark stations. 
The super-heterodyne used by Godley consisted of a regenerative 
tube for the rectifier, a separate oscillator, four stages of re- 


72 Audio 
Ampither 


3 Stages of Amplification 


Oscillator 
Гісонк 2 


sistance-coupled intermediate frequency amplification, a second 
rectifier, and two stages of audio. While it is difficult to state 
definitely the actual voltage amplification obtained, it appears 
to have been between 3,000- and 5,000-fold.* 

With the coming of the broadcasting art, and with the great 
increase in the number of stations and the consequent interfer- 
ence, the super-heterodyne began to take on a new importance 
—an importance which was based not on its superior sensitive- 
ness nor on its selectivity, but on the great promise which the 
method offered in simplicity of operation. It was, and still is, 
the standard practice to furnish the public with receivers 
equipped with а variety of tuning adjustments for the purpose 
of amplifying the desired band of radio frequencies and exclud- 
ing all others. As a matter of fact, many more adjustments than 
are on receivers should be used—more than could be placed in 
the hands of the average user. It would obviously be of the 

5 Based on standard previously described. This is without the second 


heterodyne which was used in receiving continuous waves. 
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greatest importance if іп some way these tuning adjustments 
could be made in the laboratory by skilled engineers and sealed, 
leaving some relatively simple adjustment for the hands of the 
operator. The super-heterodyne offered the ideal solution. This 
solution lay in the construction of an intermediate frequency 
amplifier which would amplify a given frequency and a band 
5,000 cycles above and below it and which would cut off sharply 
on either side of this desired band. The adjustments necessary 
to accomplish this could all be made by skilled men, and the only 
operations left for the user would be the two adjustments neces- 
sary to change the incoming frequency down to the band of the 
amplifier—adjustments which are not dependent on each other, 
which are of extreme simplicity, and which can be made equally 
well by the novice or the engineer. To determine just what could 
be accomplished along these lines, the writer, working in con- 
junction with Mr. Harry Houck, constructed during the spring 
of 1922, a set designed for the maximum usable sensitiveness and 
selectivity. The set-up consisted of one radio frequency stage 
(non-tuned transformer) a rectifier tube, and oscillator tube (used 
as a separate heterodyne), a three-stage iron-core transformer- 
coupled intermediate frequency amplifier designed to cover a 
a band of 20,000 to 30,000 cycles, a second detector tube, and 
two-stage of audio frequency amplification. UV-201 tubes were 
used. The set without the audio frequency amplifier is illustrated 
in Figure 3 and Figure 4. To prevent the intermediate frequency 
amplifier from oscillating, each stage was shielded separately. 
The use of a radio frequency stage ahead of the first detector 
possesses a number of advantages, but the chief one is in elim- 
inating the reaction between the loop circuit and the oscillator 
circuit. Experience with the original type had shown that when 
an oscillator of ordinary power was used, it was necessary to 
couple it rather closely with the loop circuit in order to insure 
a sufficiently strong heterodyne current. This close coupling 
affected the tuning of both circuits, an adjustment of one chang- 
ing the setting of the other. To avoid this trouble and to pro- 
duce a system wherein a station could always be tuned in on 
exactly the same settings, a single stage of radio frequency am- 
plification (non-tuned transformer) was used, and the oscillator 
was coupled into this transformer. This arrangement eliminated 
the reaction, reduced the radiation to a minimum and, in addi- 
tion, removed the damping of the first rectifier from the loop cir- 
cuit and improved its selectivity. 

The results obtained with this set were about as expected. 
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FIGURE 3 


FIGURE 4 


On a three-foot (one-meter) loop, the factor determining the re- 
ception of a station was solely whether the signal strength was 
above the level of the atmospherics. The selectivity was such 
that stations which had never been heard before on account of 
blanketing by local stations, were received without a trace of 
interference. While the performance of the set was much supe- 
rior to any other receiver, it was apparant that the cost of con- 
struction and maintenance was prohibitive. The single item 
of a ten-ampere filament current will give some idea of the size 
of the storage battery and auxiliary apparatus required. 

With the coming of the low filament consumption, or dry bat- 
tery type of tube, the possibilities of producing a super-hetero- 
dyne for household use were tremendously improved. The set 
of Figure 3 was remodelled for the WD-11 tube, and its sensitive- 
ness was brought to about the same value as obtained with the 
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storage battery tubes. This was a long step forward, but still the 
cost was prohibitive. 

It has been apparent ever since the question of the applica- 
tion of the super-heterodyne to broadcasting had been considered, 
that there were too many tubes performing a single function 
which were quite capable of performing a double one. The most 
outstanding case is that of the separate heterodyne oscillator. 
In view of our knowledge of the self-heterodyne, it appears quite 
obvious to perform the first rectification by means of a self- 
heterodyne oscillator and thereby save a tube. As a matter of 
fact, this was one of the very first things tried in France, but, 
except for very short wave lengths, it was never very successful 
when a high intermediate frequency was necessary. The reason 
was this: If a single tuned oscillating circuit was used, the mis- 
tuning to produce the proper beat caused a loss of signal strength 
which offset the gain of a tube. If two tuned circuits were used 
on the oscillator, one tuned to the signaling frequency and the 
other arranged to oscillate at the heterodyne frequency, then on 
account of the relatively small percentage difference in frequency 
a change in the tuning of one circuit changed the tuning of the 
other. The solution of this problem was made by Houck, who 
proposed an arrangement so simple and so effective that it com- 
pletely solved the problem. Houck proposed to connect two 
tuned circuits to the oscillator, a simple circuit to the frequency 
of the incoming signal and a regenerative circuit adjusted to 
oscillate at such a frequency that the second harmonic of this 
frequency beating with the incoming frequency produced the 
desired intermediate frequency. The general arrangement is 
illustrated by Figure 5. 
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FIGURE 5 


In the diagrammatic illustration, circuit A is tuned to the in- 
coming signal, circuit B is tuned to one-half the incoming fre- 
quency plus or minus one-half the intermediate frequency, and 
the circuits C and D are both tuned to the intermediate fre- 
quency. The operation of the system is in line with ordinary 
self-heterodyne action. By reason of the asymmetrical action 
of the tube, there are created in the circuits a variety of har- 
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monics. Тһе second harmonic combines to produce beats with 
the incoming signals of the desired intermediate frequenev. the 
tube rectifies them to produce the desired intermediate frequency 
and. thru С and D, the new frequency is supplied to the amplifier. 
On account of the fact that circuits A and B are tuned to fre- 
quencies differing by approximately 100 percent. a change in the 
tuning of one has no appreciable effect on the tuning of the other. 
This arrangement solved the oscillator problem and. in addition, 
practically eliminated radiation. 

The next step in the reduction of the number of tubes was 
to make the radio frequency amplifier perform the function of 
amplifving intermediate frequency as well. This can be done 
with none of the difficulties inherent in audio frequency ampli- 
fication, as the very small amplitudes of voltage handled by the 
first tube preclude the possibility of the grid becoming positive 
with respect to the filament. The general arrangement of cir- 
cults for carrying this out is illustrated by Figure 6. In this 
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FIGURE 6 


arrangement the signals received by the loop are amplified at 
radio frequency by the first tube and applied to the grid of a 
second harmonic oscillator by means of an untuned radio fre- 
quency transformer. The combined signaling and heterodyning 
currents are then rectified by the second tube, producing a cur- 
rent of the intermediate frequency which is applied to the grid 
of the first tube, amplified therein, and passed on to the second 
stage of the intermediate amplifier. A more practical method 
of carrying out this idea is illustrated in Figure 7. In this ar- 
rangement, a secondary of the first intermediate frequency trans- 
former is connected to the grid of the first tube and in parallel 
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with the loop circuit. Otherwise, the arrangements of Figures 
6 and 7 are identical. The parallel type of circuit arrangement 
eliminates a variety of reactions which would give rise to oscilla- 
tions of various frequencies and in addition, prevents the recep- 
tion of long wave signals by the intermediate frequency ampli- 
fier. When this development had been completed, improve- 
ments in the design of the intermediate frequency transformers 
made it possible to obtain with two stages all the amplification 
which could be used. 
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FIGURE 7 


On account of the high amplification, signals from local sta- 
tions overload the second rectifier and introduce distortion. 
Control of the amount of intermediate frequency amplification 
is essential. While there are numerous methods equally effective, 
the simplest one appears to be the control by means of the fila- 
ment temperature of the second intermediate frequency amplifier.’ 

The features just described were all incorporated in the re- 
ceiver, which is illustrated in Figures 8 and 9. The set measured 
18 by 10 by 10 inches (45.6 by 25.4 by 25.4 em.) and was com- 
pletely self-contained—the batteries, loop antenna, and speaker 
mechanism being enclosed in the box. The results were highly 
satisfactory, and loud speaker signals (at night) in the vicinity 
of New York were obtained from stations in Chicago and At- 
lanta. It demonstrated that not only could a household receiver 


6Although some form of potentiometer type of control of the voltage (а. c.) 
applied to the grid of one of the amplifier tubes would obviously be better, 
the simplicity of the filament control has many advantages in manufacture. 
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of the super-heterodyne іуре be built, but that the first practical 
solution of the portable set was at hand. 


FIGURE 8 


In this form, the capabilities of the set were brought to the 
attention of the Westinghouse Electric and Manufacturing Com- 
pany and the Radio Corporation of America a little over a year 
ago. Its possibilities were instantly visualized by Mr. David 
Sarnoff, who immediately took steps to concentrate the resources 
of the research laboratories of the Radio Corporation of America, 
the Westinghouse Electric and Manufacturing Company, and 
the General Electric Company on this new development. From 
that point on it passed into a new phase—that of placing an in- 
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FIGURE 9 


vention in a commercial form. In the limited time available, 
this was a most extraordinarily difficult proposition, and credit 
for its accomplishment is due to the untiring efforts on the part 
of the engineers of the above organizations. Many improve- 
ments and some radically new ideas of designs have been intro- 
duced, but it is the privilege of those responsible for them to 
present these. In the final development, an additional stage of 
audio frequency amplification was added in order to insure opera- 
tion within steel buildings, particularly those within the city 
limits where signals are relatively very weak compared to subur- 
ban locations. This makes a six-tube set, but six tubes can be 
readily operated on dry batteries and the increase in sensitive- 
ness is well worth the extra tube. 

Some idea of the sensitiveness and the ease of operation of the 
set illustrated in Figures 10 and 11 may be gathered from an inci- 
dent during the trans-Atlantic broadcasting tests of November and 
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December, 1923. Оп December 1st, two ladies, neither having 
any technical radio knowledge, received loud speaker signals from 
station 2LO, London, England. This was accomplished at Mer- 
rimac, Massachusetts, with the set and loop illustrated in Fig- 
ures 10 and 11 and probably constitutes a record for the first radio- 
phone reception from Europe with a portable receiver. With the 
same set and a three-foot (one-meter) loop, loud speaker signals 
from broadcast stations on the Pacific Coast were received in the 
vicinity of New York on an average of three or four times a week. 
The factor determining reception was simply whether the signal 
strength was above the level of the atmospheric disturbances. 


Ficure 10 


The type of super-heterodyne described is now available to 
the public in the two forms illustrated in Figures 12 and 13. Each 
of these sets incorporate the arrangements herein described. 
Their sensitiveness is such that, with a two-foot (61-cm.) loop 
and an unshielded location, the atmospheric disturbances are the 
criterion of reception. Here we reach a milestone in the develop- 
ment of broadcast receivers, for no increase in the distance of 
reception can now be obtained by increase in the sensitiveness of 
the receiver. Unless the power of transmitting stations is in- 
creased we are about at the limit of the distance which can be 
covered. Future improvement of this receiver will lie along the 
line of selectivity and simplifying the construction. 


552 


2, лл. маан em |||“ 


2 кеше 


SUMMARY: This paper describes the development of the super-heterodyne 
receiver from a wartime invention into a commercial form of broadcast re- 
ceiver apparatus now available to the general public. The success of the 
development is due to the low filament consumption vacuum tube and to the 
reduction in the number of tubes required by self-heterodyning, reflexing, and 
improvement in transformer design. 

Instances are cited of trans-Atlantic and trans-continental reception of 
broadcast stations by completely portable sets constructed in accordance with 
the methods described. 
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TRANSMITTING EQUIPMENT FOR RADIO TELEPHONE 
BROADCASTING* 


By 
Epwarp L. NELSON 


(RESEARCH LABORATORIES OF THE AMERICAN TELEPHONE AND TELEGRAPH 
COMPANY AND THE WESTERN ELECTRIC COMPANY, INCORPORATED) 


One of the most remarkable industrial developments of recent 
times is the advent of radio telephone broadcasting, which within 
the past three years has become a matter of national importance 
supporting a rapidly expanding industry. That a tremendous 
popular enthusiasm for this new art has been aroused cannot be 
denied. No better evidence is available than the fact that, in 
the face of an economic outlook which is indefinite, to say the 
least, some five hundred stations are now in operation, many of 
them representing investments of tens of thousands of dollars. 

Several factors have apparently contributed toward this rapid 
growth. In the early stages, no doubt, the novelty of the experi- 
ence was of considerable importance. The discovery of the possi- 
bilities of this latest communication development exerts a power- 
ful stimulative influence upon the imagination which is not easily 
forgotten. The fact that radio presents qualities which render 
it ideal as a hobby has also undoubtedly aided. There are few 


"fields in which equally satisfying results can be obtained at the 


expenditure of so little effort and expense while, on the other 
hand, consistently good performance demands a high degree of 
skill and more or less elaborate equipment so that interest 15 
likely to be sustained. A more important element than either 
of the foregoing, however, is believed to be a keen appreciation 
on the part of an increasing proportion of the public of what 
radio is and may become as a medium of education and enter- 
tainment. The already demonstrated possibility of establish- 
ing direct personal contact with the world’s most gifted minds, 
of hearing the greatest artists and the most renowned musical 
organizations, of sitting at the banquet table with the world’s 
leaders in every field of human activity, of following athletic 


*Presented before THe INsTrTUTE оғ RADIO ENciNEERS, New York, 
January 16, 1924. Received by the Editor, March 14, 1924. 


553 


events of national interest play by play in distant cities, all of 
these things without leaving one’s own fireside, constitute an 
appeal which even the imperfections attending the establishing 
of a new industry cannot destroy. 

On the basis of this analysis the fundamental requirement 
to be met by a broadcasting equipment becomes clearly defined. 
It is obvious that the public in listening to the voice of the great 
artist desire,s above all, a natural and faithful reproduction. The 
slightest change in tone, any embellishment incidental to the 
transmission, represents a condition against which the industry 
must contend. Perfect imagery is the goal and future success 
depends upon how nearly it can be attained. 


GENERAL TRANSMISSION CONSIDERATIONS 


In general, the material to be transmitted may be divided 
into two classes, speech and music. There is no reason to believe, 
however, that the general transmission requirements for these 
two classes are essentially different and, in view of the important 
part which musical entertainment is playing and will probably 
continue to play in all broadcast programs, it is thought to be 
advantageous to define these requirements in terms of music. 

Experience indicates that for the successful transmission of 
music, consideration must, in general, be given to frequencies 
up to 5,000 cycles per second and down to at least 50 cycles per 
second. The upper limit mentioned (5,000 cycles) lies somewhat 
above the range of most musical instruments, but it is neverthe- 
less essential that the transmission band of the equipment extend 
to some such value. Tone quality, that characteristic by which 
the ear distinguishes between the note of the piano and the banjo, 
or between that of the violin and the flute, is a matter of over- 
tones in varying amplitude. Naturalness in transmission, there- 
fore, requires that these harmonics be reproduced. Further, it 
has been shown that the higher harmonics contribute materially 
to the artistic effect. Musical '"'brilliance" is apparently merely 
a matter of their presence іп proper proportion. 

The lower end of the frequency range is of even greater im- 
portance or perhaps it may more properly be said that it appears 
to be, since difficulty is usually encountered in obtaining satis- 
factory transmission for the lower registers. One of the most 
common criticisms of present day radio equipment, and probably 
of the phonograph as well, is that it discriminates markedly 
against the bass. Good reproduction is obtained for most kinds 
of music by utilizing a frequency range extending down to 50 
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cycles. In certain types of music, however, іп particular that of 
the pipe organ, considerably lower frequencies occur. The funda- 
mental of certain of the percussion instruments, notably the bass 
drums, is also quite low. 

The fact that some of the notes of certain instruments lie 
outside of the frequency band for which the apparatus is designed 
does not necessarily preclude satisfactory transmission. It is 
a remarkable circumstance that in certain cases the fundamental 
and lower overtones may be entirely suppressed without appre- 
ciable change in pitch and with very little change in quality.! 
This phenomenon is attributed to the production of subjective 
tones due to the non-linear characteristic of the ear. То what 
extent it can be depended upon to facilitate transmission of the 
lower frequencies is problematical. It would appear to promise 
little relief in so far as the percussion instruments are concerned, 
since in that case many of the overtones are not true harmonics, 
а fact which may explain the difficulty usually experienced in re- 
producing the drums. Оп the other hand, this action probably 
accounts for the astonishingly good performance of certain ap- 
paratus and renders it difficult to name with complete assurance 
the lower frequency limit required for satisfactory transmission. 
It will be interesting to watch the development of practices with 
respect to this point as the art progresses. 

A second important characteristic of musical transmission is 
the range in volume, which for certain classes of music may rep- 
resent à power change in the ratio of as great as 100,000:1. 
Orchestral and pipe organ numbers are particularly noteworthy 
in this respect. Volume is of especial importance from an 
engineering point of view in that it determines the load condi- 
tions under which the equipment will be operated. As broad- 
‘asting transmitters are now designed, the factor which deter- 
mines their useful output range is distortion. The point at which 
distortion becomes objectionable under increasing load is gener- 
ally quite clearly defined, being followed by a more or less abrupt 
change in quality. The phenomenon is usually the result of the 
peak alternating grid voltage in some one of the amplifier stages 
exceeding the polarizing voltage in the positive portion of the 
cycle or during the negative swing momentarily interrupting the 
plate eurrent. In either case, the wave form of the transmission 
is modified by the peaks being flattened on one or both sides, and 
to the listener the music appears to break into a jumble of harsh 


! "Physical Criteria for Determining the Pitch of a Musical Tone," Н. 
Fletcher, “Physical Review," September, 1923. 


555 


noise. On account of its nature, this effect has come to be known 
as “overloading.” 

It is evident that if the volume is to vary in a ratio approach- 
ing that mentioned for many musical numbers, the average will 
have to be set at a relatively low level in order to prevent over- 
loading during fortissimo passages. In general, this will result 
in weaker signals at receiving stations and bring about a decrease 
in the effective range of the equipment. Тһе practice has grown 
up, therefore, of manually controlling the volume by adjusting 
the amount of amplification employed so that while considera- 
tion is given to the demands of musical interpretation, the 
volume is held within considerably narrower limits, perhaps not 
greater than 1,000:1. While such practice admittedly precludes 
a really natural reproduction, experience has indicated that this 
diserepancy is more than compensated for by the resulting over- 
all improvement in general transmission conditions and, as a 
matter of fact, the volume variation experienced with most 
studio music falls very nearly within this narrower range. 

From another point of view, the volume range is of further 
importance in that it determines the permissible noise levels in 
the various apparatus units. At numerous points in the system 
slight variations in the electromotive forces of batteries or gen- 
erators, mechanical vibration, induction from adjacent circuits, 
variable leakage paths, and similar phenomena introduce dis- 
turbances which appear as noise accompanying the transmission. 
It is obvious that if this noise is not to be objectionable it must 
be kept well in the background. In other words, its level must 
be low with respect to the minimum value attained by the trans- 
mission. 

APPARATUS REQUIREMENTS 


Thus far the discussion has been concerned with fundamental 
considerations which are in general applicable to any system for 
the transmission of speech and music. Іп proceeding to the 
specific requirements for a radio broadcasting equipment, it 
seems desirable to examine the various aspects of the problem 
with direct reference to the apparatus units to which they apply. 
For this purpose, it is convenient to divide the equipment into 
five groups along the following lines: 

(1) Input Equipment. 
(2) Radio Transmitting Equipment. 
(3) Power Equipment. 
(4) Control Equipment. 
(5) Radio Receiving Equipment. 
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The input equipment comprises the telephone transmitter 
or microphone, and the associated audio-frequency amplifiers. 

The design of a suitable telephone transmitter for broadcast- 
ing service is admittedly one of the difficult phases of the problem. 
In a paper presented to the American Institute of Electrical 
Engineers and published in the Journal,? Messrs. I. W. Green 
and J. P. Maxfield have discussed in some detail the require- 
ments to be met by a transmitter in a high quality transmission 
system and have described the condenser and double button 
carbon types of instruments. Both of these types have now been 
developed to the point where they are practically distortionless 
and both have found extensive application in the broadcasting 
field. 

At the present time, the carbon transmitter is more generally 
emploved on account of its considerably better efficiency. Гог 
broadcasting applications, however, a three-stage amplifier is 
usually provided for use with the carbon transmitter and an 
additional two stages, making a total of five, for the condenser 
transmitter. А second advantageous feature of the carbon 
transmitter 15 its relatively low impedance, which is of the order 
of 200 ohms. This characteristic makes it possible to separate 
the instrument from the amplifier by distances of several hun- 
dred feet without experiencing serious transmission losses or 
trouble due to inductive disturbances. 


The advantages of the condenser transmitter are its some- 
what better frequency characteristic and its freedom from carbon 
noise. For laboratory purposes and for the high quality trans- 
mission of the most difficult types of music it has, therefore, found 
some application. As has been indicated above, however, ap- 
proximately five stages of amplification are subsequently required 
to attain ordinary telephone volume levels. The rather small 
capacity of the instrument (of the order of 400 micro-microfarads) 
also represents a more or less serious limitation to the extent 
of requiring cables between the transmitter and the amplifier 
having a very low electrostatic capacity. 

It is interesting to note that in popular discussion the **micro- 
phone" is frequently regarded as the prime offender in case of 
poor transmission, and as the secret of success if satisfactory 
results are obtained. It is significant, however, that before 
modulation aetually oecurs, the output of the telephone trans- 
mitter or microphone is often passed thru as many as seven stages 


?"Publie Address Systems," I. W. Green and J. P. Maxfield, “Journal of 
the American Institute of Electrical. Engineers," volume XLII, number 4, 
April, 1923. 
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of amplification in which the power is increased several million 
times. That such a feat is possible at all is a glowing tribute to 
present day amplifier technique, and this fact should be given 
due weight when passing judgment on the “microphone.” 

The principal requirements to be met by the amplifier asso- 
ciated with the telephone transmitter in the input equipment 
are those relating to frequency range, volume range, and noise 
level, which have already been discussed. A further matter of 
some importance is that concerned with amplification control. 
The necessity of providing for manual variation in amplification 
to reduce the range in volume in the higher powered stages has 
already been mentioned. 

The radio transmitting equipment must afford means of 
generating alternating currents of a frequency corresponding to 
the operating wave length, means for modulating these currents 
faithfully in accordance with the desired transmission, and 
suitable radiating means, in the form of an antenna. 

The vacuum tube oscillator in its present form is a very 
satisfactory solution to the problem of generation. Since a 
broadcasting station usually operates on a single assigned wave 
length, a relatively simple circuit arrangement can be employed. 
Under the present regulations, however, all coastal stations must 
be capable of transmitting for ship emergency service on wave 
lengths of 300 and 600 meters. The equipment must, therefore, 
admit of adjustment on occasion to these wave lengths. 

Other requirements arising from the provisions of the radio 
regulations relate to frequency stability and to freedom from har- 
monics. Frequency stability is an almost essential pre-requisite 
to the success of any scheme looking to the intensive utilization 
of the ether such as has been put into effect within the past year. 
If stations are to be successfully operated with frequency inter- 
vals between adjacent wave lengths as small as 10,000 cycles, 
a high degree of constancy in this respect must obviously be main- 
tained, not only during the course of any individual program, but 
also from day to day and from month to month. For those who 
have not had the privilege of listening thruout an entire evening 
to the beat-note from a distant transmitter superimposed upon 
the program of their favorite broadcasting station, it may be 
stated that if proper precautions are taken no difficulty is ordin- 
arily experienced in holding the frequency constant within con- 
siderably narrower limits than those specified by the present 
regulations, that is 2,000 cycles. Since common use is made. 
however, of transmitters in which the antenna forms part of the 
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oscillatory circuit or is coupled thereto, it is evident that such 
performance requires the antenna to be so secured that even the 
effect of a high wind will not bring about a material change in its 
constants. 

With respect to freedom from harmonics, the present regula- 
tions covering broadcasting stations merely contain the pro- 
vision that the transmitted wave shall be free from harmonics. 
Unfortunately, this requirement is very nearly an exact statement 
of the case. The sensitivity of modern receiving equipment and 
the extremely small amount of power necessary to produce an 
audible beat-note require the suppression of harmonics to a most 
unusual degree and render the problem exceedingly difficult. 
Apparently satisfactory performance is now being attained, 
however, thru the use of properly designed coupled circuits. 

Primarily, the system of modulation employed in a broad- 
casting transmitter must be one which will enable it to meet the 
rigorous transmission requirements. On account of its excellence 
in this respect, as well as its simplicity, the arrangement commonly 
known as “constant current” ог "plate current" modulation has 
found extensive application. In this system, the amplified trans- 
mission issuperimposed upon the direct voltageimpressed upon the 
plate of the oscillator tubes. Under these conditions, the output 
voltage of the latter varies proportionally, producing the desired 
modulated radio-frequency current in the antenna circuit. The 
operation of such a system has been discussed at length in a 
paper presented to THE INSTITUTE oF Rapio ENGINEERS in 1921 
by Мг. R. А. Heising,’ and need not be reviewed here. 

The power equipment for a radio broadcasting station is 
subject to no requirements of an unusual nature with the possible 
exception of freedom from electrical noise. This factor is of no 
little importance, however, and exercises considerable influence 
on the choice of power sources for use in the various circuits. 

The effect of slight voltage variations in producing disturb- 
ances which appear to the listener as noise has already been men- 
tioned. In general, it is essential that all power sources be sub- 
stantially constant in voltage. The absolute value of the allow- 
able voltage fluctuation is variable, depending upon the position 
of the battery or generator in the circuit. If associated with one 
of the early stages where the transmission level is low and where 
any fluctuation will be subsequently amplified to a considerable 
extent, relatively rigid requirements are imposed and batteries 


3 "Modulation in Radio Telephony,” В. A. Heising, PROCEEDINGS OF THE 
INsTITUTE оғ Каро ENGINEERS, volume 9, number 4, August, 1921. 
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may be required. If. on the other hand. the source supplies 
power to one of the later stages, relatively large fluctuations in 
voltage may occur without producing effects comparable in 
magnitude with the desired transmission. and rotating machines 
or rectifiers may prove to be entirely satisfactory. Тһе power 
supply to the plates must. in general. meet more rigorous re- 
quirements than that for the filaments. If, however. grid biasing 
voltages are obtained by the use of resistances in the filament 
circuit, a rather common practice. the current in that circuit 
must, for obvious reasons, be maintained substantiallv constant. 

When the power sources themselves аге not inherently free 
from noise to the required degree. the most direct solution lies 
in the use of suitable electrical filters. Considerable improve- 
ment can generally be effected in this manner, but such com- 
binations are not alwavs practical possibilities on account of the 
cost and bulk of large condensers to withstand high voltages and 
of large inductances to carry relatively heavy direct current. 

Another requirement of some importance applving particu- 
larly to power sources in the filament circuits, is that relating to 
voltage regulation. The life of a vacuum tube is very definitely 
limited by that of the filament. The latter slowly evaporates 
and in time burns out. This process is necessarily a function of 
the filament current and it is an experimental fact that an in- 
crease in the current of a few percent above the normal value 
will reduce the life to one-half or even less, depending upon the 
type of filament, the design of tube, and the service which it is 
called upon to give. Close voltage regulation is, therefore, essen- 
tial and is one of the factors to which particular attention must 
be given in preparing specifications for filament machines. 

А third requirement of considerable commercial importance 
is that of meeting the power supply available at the point of in- 
stallation. For a number of reasons the majority of broadcast- 
ing stations now in service are building top stations. Many of 
them are operated by newspapers and stores having isolated 
power plants, or are located in business districts where alter- 
nating current power is not readily obtainable. Under these con- 
ditions, the appllcation of rectifiers as a source of high voltage 
power is at an obvious disadvantage, and direct current gener- 
ators appear to be the most satisfactory solution. 

In broadcasting, to an even greater extent perhaps than in 
other amusement enterprises, the program must go forward 
smoothly and briskly to obtain the most favorable reaction from 
the audience. Delays of even a relatively few seconds often be- 
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come painfully evident since the sense of hearing alone is involved, 
and as soon as the transmission is interrupted the listener is 
beyond the influence of the personality of the entertainer. It 
is of primary importance, therefore, that such facilities as are 
required to expedite the program to the utmost should be pro- 
vided. 

The control equipment required depends largely upon the 
class of service in which the station operates. The smaller sta- 
tions necessarily serve a limited audience and often employ con- 
siderable mechanically reproduced music. Under these condi- 
ditions, the simplest possible arrangement will generally suffice. 
On the other hand, many of the larger stations now number their 
audiences in tens of thousands, and the talent available often 
includes figures of national or international prominence. Two 
or more studios are frequently employed, and the use of wire line 
connections to outlying points is finding increasing application. 
Under such circumstances, a well-worked-out control system is 
essential. 

In general, the facilities required may be classified into three 
separate groups. In a broadcasting station, it is just as impor- 
tant to close and open the circuit promptly at the proper time 
as it is to raise and lower the curtain in the theatre. There is also 
the problem of insuring that nothing but the desired transmis- 
sion is broadcast, since failure in this respect undoubtedly de- 
tracts materially from the artistic effect produced and often re- 
sults in considerable embarrassment to the station personnel or 
to the talent. These conditions require that control over the 
outgoing transmission be vested in the studio director or an- 
nouncer and that suitable provision be made in the studio for 
this purpose. The apparatus employed, in addition to the neces- 
sary keys and relays for circuit control, must include suitable 
indicating means such as a series of signal lamps, so that circuit 
conditions at any particular instant will be evident to all persons 
involved. 

Another requirement arises from the close cooperation which 
must be maintained between the studio and operating personnel 
and the fact that in many stations the studio and operating 
room are widely separated. А suitable intercommunicating 
telephone and signal system is almost an absolute essential. Both 
audible and visible signals are desirable, and suitable means must 
be provided to prevent such signals being broadcast. 

A third requirement relates to monitoring facilities. The 
operator of a radio broadcasting station has considerably more 
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important functions than those of telegraphist, “trouble shoot- 
ег,” and wireman. Not only is he the critic upon whom the 
studio director in most cases must depend for information con- 
cerning the effect which the audience is actually observing, but 
also thru his control of the input volume he himself contributes 
materially to the excellence of the program or tends to spoil it 
entirely. It is quite necessary, therefore, that he be provided 
with suitable apparatus facilities to enable him to obtain the 
desired results. Preferably, these should take the form of a suit- 
able loud speaker equipment arranged for monitoring the out- 
put of the speech amplifier and, by means of a suitable rectifier, 
the radio frequency output of the transmitter. 

In so far as receiving apparatus is concerned the requirements 
to be met are, at best, somewhat indefinite. Since a large num- 
ber of broadcasting stations may be classified as ‘‘coastal sta- 
tions," however, equipment suitable for maintaining the receiver 
watch required by law is essential. Іп this connection, the 
original practice, it will be remembered, involved an interrup- 
tion of the program every fifteen minutes for three minutes to 
“listen in." Such a procedure was necessarily of short duration 
and in almost all stations facilities are now provided to permit 
of reception at 500 kilocycles (600 meters) while the local trans- 
mitter is in operation. This requires a separate receiving an- 
tenna and imposes certain restrictions upon the design of the 
receiving apparatus. In addition to its use in the reception of 
telegraph signals, it is also desirable that the receiver be suitable 
for employment in the broadcasting range and be capable of the 
high quality reproduction of speech and music, since, оп occa- 
sion it may be employed to considerable advantage to supple- 
ment the regular monitoring facilities and to observe the pro- 
grams from other stations. 


THE WESTERN ELECTRIC 101-B Rapio BROADCASTING EQUIP- 
MENT 


Having discussed various aspects of the general design problem, 
a brief description of a commercial system of the type which has 
found application in some forty of the larger broadcasting sta- 
tions in the country may be of interest. 

The transmitter in its housing is, no doubt, already a familiar 
object since it has appeared with great frequency in published 
photographs of broadcasting activities. An idea of the arrange- 
ment in more detail, however, may be obtained from Figure 1. 
On the left is shown the housing with the cover removed. The 
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transmitter is supported by means of a series of coiled springs 
to reduce noise effects due to mechanical vibration. A 12-foot 
(3.7 m.) flexible cord is ordinarily provided which terminates 
in a standard three-wire attachment cap. When in service, the 
latter is inserted in a suitable receptacle usually mounted on the 
baseboard in the studio. 


Figure 1—Carbon Transmitter and Housing 


The appearance of the transmitter itself from the rear, and 
from the front, respectively, is shown by the two views on the 
right. <A light, thin, metallic diaphragm is employed which 18 
securely clamped between the two heavy exterior rings. An in- 
terior ring stresses the diaphragm like a drumhead so that its 
natural frequency is brought above the range which it is desired 
to transmit. In this manner “blasting” effects due to diaphragm 
resonance are practically eliminated. Its performance in this 
respect is still further improved by the application of air damp- 
ing. A perforated metal plate is mounted close to the diaphragm 
in the rear, providing a thin film of air which serves to increase 
the damping and bring about a much flatter frequency charac- 
teristic. Two carbon buttons are employed, one on each side 
of the diaphragm. One of these is mounted in the center of the 
damping plate; the other is supported by means of a heavy 
bridge secured to the clamping rings. It will be noted that, with 
this arrangement, as the diaphragm vibrates, the pressure on one 
button is released when that on the other is increased. For this 
reason it is sometimes referred to as the “ривһ-рШІ” type. These 
various improvements have resulted in a transmitter which per- 
mits of a reproduction of speech and music not greatly different 
from the original. Ав has been indicated, however, two or three 
stages of amplification are required to attain ordinary telephone 
volume levels. 
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The vibratory system of the condenser transmitter is similar 
in construction to that of the carbon unit. The buttons and 
bridge are omitted, however, and the rear damping plate is care- 
fully insulated to serve as the second plate of the condenser. The 
capacity of the condenser thus formed is approximately 400 
micro-microfarads and the variation brought about by the vibra- 
tion of the diaphragm is of the order of one-hundredth of one 
percent. As has been stated, this device in its present form is 
less efficient than the carbon transmitter and requires an addi- 
tional two-stage amplifier if equal volume is to be obtained. 
Also, it requires special handling in certain respects. On account 
of its low capacity and correspondingly high impedance, a rela- 
tively short cable of low electrostatic capacity must be employed 
to connect with the initial stage of the amplifier if serious trans- 
mission losses are not to be experienced. In addition, its high 
impedance results in the amplifier being operated with the input 
of the first amplifier tube practically on open circuit and the 
latter becomes sensitive to inductive disturbances which intro- 
duce noise into the circuit. The fact that four or five stages of 
amplification is required to attain ordinary telephone volume 
levels is, in itself, a disadvantage from a noise point of view, since 
under these conditions, the problem of adequately controlling 
tube noises, variable leakage paths, battery voltage irregu- 
larities, and the like, becomes difficult. On the other hand, the 
condenser transmitter is the most highly developed device of its 
kind now available; when properly maintained it is free from the 
background of noise which is sometimes so objectionable with the 
carbon instrument, and it affords somewhat better transmission 
than the latter. Where the very best results are desired, there- 
fore, irrespective of expense, it finds application. 

A type of condenser transmitter equipment designed primar- 
ily for studio use is shown in Figure 2. The transmitter is 
mounted in a housing of the usual type and fitted with a special 
6-foot (1.8 m.) low capacity cord. The amplifier unit takes the 
form of a cabinet of the phonograph type with the amplifier 
proper mounted in the upper portion on a horizontal panel. 
Adequate shielding is afforded by a metal backing on the panel 
and a removable metal cover attached thereto. Space is pro- 
vided in the lower portion for a 6-volt storage battery for heating 
the filaments and a 200-volt dry battery for the transmitter and 
plate circuits. The amplifier circuit is shown schematically in 
Figure 3, which probably requires little explanation. Provision 
is made for controlling the device from the radio room by means 
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of a relay in the filament circuit operated by the current which 
would normally flow thru the buttons of the carbon transmitter. 
Since the amplifier is fitted with an output cord similar to that 
used with the carbon transmitter, it may be plugged into the 
circuit interchangeably with the latter and employed without 
change in the operating procedure. 

The studio signaling and control unit is shown in Figure 4. 
As is evident, it takes the form of a wooden cabinet similar in 
outline to the ordinary subscriber’s set, having the necessary 
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Figure 3—Schematic of Amplifier for Condenser Transmitter 
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switches and signal lamps mounted оп the front panel. Тһе 
telephone handset permits of direct communication with the 
operating room. The white lamp, key and push button to be 
seen on the left and at the bottom of the panel are associated 
with a signaling buzzer circuit. The lamp at the right, which is 
green, is controlled from the operating room and serves to indi- 
cate to the studio director when the radio equipment is in opera- 
tion and ready for the program to begin. The key immediately 
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below it serves to control the studio transmitter circuit апа, іп 
addition, when thrown to the broadcast position, opens the сіг- 
cuit of the signaling buzzer and lights a lamp behind the large red 
bull’s-eye at the top of the unit. 

The speech input equipment is shown in Figure 5. As will be 
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соке 5—1-D Speech Input Equipment 


noted, this apparatus consists of five separate units: a meter panel, 
a three-stage amplifier, a switch and fuse panel, a signal and con- 
trol panel, and a single stage monitoring amplifier. In the rear 
view, the metal covers, which normally enclose the individual 
units, have been removed to enable the apparatus to be seen in 
more detail. 
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The circuit of the three-stage amplifier is shown schematically 
in Figure 6. Vacuum tubes having an amplification constant of 
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FicvRE 6—Schematic Diagram of Speech Input Amplifier 


approximately thirty are employed in the first two stages. The 
last stage employs a tube having a considerably lower amplifica- 
tion constant but a greater power capacity. Potentiometers in 
both the first and second stages afford a wide range in amplifica- 
tion control. Power for the filaments is obtained from a suitable 
12-volt storage battery. A 130-volt battery consisting of stand- 
ard Number 6 dry cells supplies power to the plate circuits. Grid 
voltages for the first two tubes are obtained by utilizing the volt- 
age drop over suitable resistances in the filament circuit. А grid 
battery of the flashlight type is employed with the third tube. 
The maximum amplification to be had with this amplifier is 85 
miles‘ representing a power ratio of 1.2108. By means of the 
potentiometers, the amplification can be varied by 3-mile steps 
from the maximum down to approximately 25 miles. 

The signal and control panel is employed in connection with 
the studio unit, which has already been described. On this panel, 
in addition to the intercommunicating telephone circuit and the 
buzzer and lamp signaling facilities, arrangements are made for 
the control of the radio transmitter, the microphone circuits, and 
the monitoring circuits. The radio transmitter control feature 
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takes the form of a key which operates a relay in the field circuit 
of the plate generator. In the microphone circuit, a suitable 
three-position, multiple-contact key is provided enabling the 
studio transmitter, the operator’s transmitter, or a third instru- 
ment (or a wire line) to be connected to the input terminals of the 
amplifier, as the occasion may require. These two keys are elec- 
trically interlocked with the green ‘‘Rap1o’”’ lamp on the studio 
unit, so that both keys must be thrown in the proper direction 
before a signal is given to the announcer. For monitoring pur- 
poses, a suitable key is provided to connect the monitoring loud 
speaker to either a special vacuum tube rectifier which is built 
into the radio transmitter and coupled to the antenna circuit, 
or the monitoring amplifier which is connected permanently to 
the output terminals of the three-stage amplifier. By the opera- 
tion of this key it is possible, therefore, for the operator to listen 
either to the outgoing transmission or to the input to the radio 
transmitter and to keep an accurate check on the operation of 
the equipment. When the microphone control key is thrown 
to the operating room position, a red lamp on the panel is lighted 
and the monitoring loud speaker is disconnected, irrespective of 
the position of the monitoring key, to prevent “‘singing’’ between 
the operator’s transmitter and the loud speaker. A white guard 
lamp is also provided on the panel to indicate to the operator 
when the studio control key is thrown to the broadcast position. 

The monitoring amplifier is a single stage unit of the usual 
type but with transformers designed for high quality transmis- 
sion. A potentiometer is provided for volume control. A suit- 
able loud speaker mounted on the operator’s desk is associated 
with this amplifier for monitoring purposes. 

Front and rear views of the radio transmitter are shown in 
Figure 7 and the circuit employed is represented schematically 
in Figure 8. This unit is of the oscillator-modulator type em- 
ploying two 250-watt tubes as oscillators and two similar tubes 
as modulators. One 50-watt tube is also utilized as a speech 
amplifier working into the modulator tubes. The oscillator cir- 
cuit is of the Meissner type, that is, both the grid and plate cir- 
cuits are inductively coupled to the oscillatory circuit, but it 
departs from the usual arrangement in that an adjustable con- 
denser is employed in parallel with the plate coil. This variation 
has been shown to afford a simple and convenient means of ad- 
justing impedance conditions in the circuit so as to bring about 
efficient operation. Ав will be noted, the oscillator does not 
work directly into the antenna, but a closed oscillatory circuit 
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FiagurE 7—1-B Radio Transmitter 


is employed which is coupled to the antenna circuit by means of 
a mutual capacity. This arrangement has been adopted primar- 
ily for the suppression of harmonics. The use of two tuned cir- 
cuits and capacity coupling affords a high degree of discrimina- 
tion against these higher frequencies, and radiation is confined 
almost entirely to the desired frequency band. The use of coupled 
circuits also results Іп somewhat better frequency stability than 
that representative of a transmitter employing the antenna as a 
part of the oscillator circuit, but dependence in this respect must 
be placed primarily in a rigid antenna structure. 

Another feature of possible interest in connection with the 
radio frequency circuits is the antenna discharge resistor which 
appears on the schematic and may be seen in Figure 7 in the 
upper right-hand corner of the rear view. Experience has indi- 
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cated that with many antennas, if a series condenser is employed, 
thus interrupting the direct current path to ground, static 
charges will accumulate which may build up a voltage sufficient 
to break down the safety gap of the condenser. A number of 
stations have reported occasional interruptions arising from 
trouble of this nature. Observations to date indicate, however, 
that a relatively high resistance connected as shown is a complete 
solution to the problem. 
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FiGuRE 8—Sckematic of 1-B Radio Transmitter 


The audio frequency portion of the transmitter circuit, em- 
bracing the speech amplifier and the modulator, is essentially a 
two-stage, audio frequency amplifier. The output circuit of the last 
stage of this amplifier (the modulator) includes the plate circuit 
of the oscillator. Тһе power supply to the latter may be con- 
sidered to consist, therefore, of a direct component upon which 
is superimposed an audio frequency component corresponding to 
the desired transmission. Under these conditions the output 
of the oscillator varies in proportion and the envelope of the time- 
antenna current curve is а faithful reproduction of the signal 
voltage impressed upon the plate circuit. It is interesting to note 
in this connection that, within the usual operating limits, the dis- 
tortion which can be traced to the radio frequency portion of the 
transmitter is negligible. In other words, by suitable design of 
the radio frequency circuits, the matter of insuring high quality 

571 


transmission тау be resolved into proper treatment of the audio 
frequency circuits, and all of the accumulated experience of the 
telephone art brought to bear upon the problem. 

A somewhat novel feature of the audio frequency circuit is 
the method employed for obtaining negative grid voltages for 
the speech amplifier and modulator tubes. A resistance is em- 
ployed between the negative terminal of the plate generator and 
the filaments as shown in Figure 8. The grid circuit is connected 
through a filtering network to such a point on this resistance 
that the ГЕ drop due to the plate current represents the required 
negative grid voltage. This method renders a grid battery un- 
necessary, an important consideration from a maintenance 
point of view. 

The mechanical features of the transmitter are clearly shown 
in the photographs and require little explanation. The meters 
and controls are centralized upon the front panel. Meters are 
provided in the antenna and closed oscillatory circuits, in the 
oscillator plate and grid circuits, and in the modulator plate and 
grid circuits. When the equipment is in operation, the needle 
of the modulator plate meter swings at syllable frequency and 
affords a convenient, altho somewhat rough, means of adjusting 
the input amplifier to give the proper volume level. The func- 
tion of the meter in the grid circuit of the modulator is to serve 
as an “overload” indicator. Overloading has already been men- 
tioned and its causes briefly discussed. In the equipment as de- 
signed, it is occasioned by the peak signal voltage impressed upon 
the modulator grid exceeding the polarizing voltage in the posi- 
tive direction. When this occurs, a momentary current will flow 
from the filament to the grid and the meter will give an indica- 
tion. The operator is, therefore, afforded a positive means of 
detecting overloading and a definite operating procedure may 
be worked out to insure best results. 

The three dials shown control the antenna tuning, the fre- 
quency, and the oscillator adjustment, respectively. The first is as- 
sociated with the antenna tuning coil shown in the top of the set 
behind the tubes. The second operates upon the oscillator coil, 
which appears near the center of the rear view and serves to vary 
the inductance of the winding in the oscillatory circuit. The 
oscillator adjustment control is connected with a variable air 
condenser joined in parallel with the plate coil as previously 
described. 

The condensers in the radio frequency circuits appear below 
the oscillator coil. Тһе audio frequency coils and condensers are 
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FiagurRE 9—Power Panel 


mounted under the tube compartment and in the bottom of the 
unit behind the resistance unit assembly. 

The power apparatus for the radio transmitter is shown in 
Figure 9 and Figure 10. The motor-generator consists of three 
units mounted on a fabricated base: a suitable motor, a 1,600- 
volt 1.25-ampere generator, and a 16-volt 30-ampere generator. 
The high voltage generator is constructed with two 800-volt 
armature windings and employs two commutators. Current for 


Кісеве 10— Motor Generator 
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the field is obtained from the low voltage unit, which is self- 
excited. 

The power panel is of the cabinet type. It includes a suitable 
motcr starter which is controlled from a push-button station on 
the panel and on the operator's desk, field rheostats and volt- 
meters for each generator, ап electromagnetically operated 
switch in the plate circuit (which also serves as a circuit breaker). 
and rotary snap switches in the filament and high voltage field 
eircuits. No live metal parts are exposed on the panel and, as 
further protection to the operator, a door switch is provided 
which prevents the motor from being started until the door of 
the cabinet is closed. 

The radio receiver is shown in Figure 11. This unit consists 


FicvRE 11—2-C Radio Receiver 


оға detector and two stages of audio frequency amplification 
utilizing tubes similar to the VT-1. Coupled radio frequency 
circuits are employed without regeneration. Suitable jacks are 
provided, permitting the detector to be used alone or in combina- 
tion with one or both of the amplifier stages as required. Power 
for the filament and plate circuits is obtained from the batteries 
that supply the speech input equipment. | 
In discussing the individual apparatus units, an attempt has 
been made to point out in each case the relationship to the other 
parts of the equipment. Тһе description would hardly be com- 
plete, however, without some further indication of the nature 
of the system as & whole. In Figure 12, therefore, the general 
arrangement is represented diagrammatically. All of the units 
are shown and the various connections between them, the broad- 
casting circuits, the signal and control circuits, and the power 
circuits, are indicated by the different types of lines. Viewed in 
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combination with the detailed descriptions previously given, this 
drawing will enable the general aspects of the system to be 
readily understood. 
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On account of the severe transmission requirements Imposed 
upon this class of apparatus, the performance capabilities of the 
equipment, especially its frequency-transimission characteristic, 


will probably be of considerable interest. Тһе characteristic for 


the equipment when employing the carbon transmitter 1s shown 
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FIGURE 12—101-B Radio Telephone Broadcasting Equipment 


in Figure 13. ‘This curve is а composite based upon single fre- 
quency measurements made on the individual apparatus units 
and may be considered to represent the relative magnitudes at 
the various frequencies of the effective alternating component 


FicurE 13—Frequency Response Characteristic with Carbon Transmitter 


in a suitable rectifier circuit coupled to the antenna when the 
sound pressure impressed upon the diaphragm of the transmitter 
is maintained constant. In other words, if the effects of stand- 
ing waves and other similar acoustical phenomena are eliminated, 
and if a pure tone of constant intensity but variable pitch is pro- 
duced in the studio, this curve represents the relative intensity 
of the sound which might be expected from a distortionless re- 
ceiving device. Logarithmic scales are employed for both ordi- 
nates and abscissas since there is considerable evidence to indi- 
cate that the response of the ear to variations in both intensity 
and pitch follows a logarithmic law. As will be noted, substan- 
tially uniform transmission efficiency is indicated except at the 
extreme ends of the frequency range where some slight deficien- 
cies become evident. These can only be detected by careful 
measurement, however, and it is doubtful if their effect upon 
transmitted music would be apparent even to the artistically 
trained ear. 
CONCLUSION 


The general considerations involved in the design of a system 
for the high quality transmission of speech and music have been men- 
576 


tioned briefly, and the requirements to be met by the various ар- 
paratus units in a radio telephone broadcasting equipment have 
been discussedinsome detail. Acommercial 500-watt transmitting 
equipment has been described and its performance capabilities 
illustrated. It has been shown that apparatus can be produced 
commercially which will afford transmission at substantially 
uniform efficiency throughout the entire frequency range com- 
monly employed in music. 

From a quality point of view, at least, therefore, transmitting 
equipment for broadcasting applications may be said to have 
already reached an advanced stage of development. А standard 
of performance has been attained which it is not believed to be 
presumptuous to claim is an artistic, as well as a technical suc- 
cess. The next few years will, no doubt, bring forth contributions 
of great value, new and more efficient telephone transmitters, 
better vacuum tubes, more stable circuits, and less expensive 
apparatus, but in view of present attainments, radical improve- 
ment in the quality of the transmission can hardly be expected. 
If further improvement in quality is desired by the listener, there- 
fore, it must be obtained elsewhere than in the transmitting 
equipment. 

New York, N. Y. 
January 16, 1924. 


SUMMARY: Тһе general transmission considerations applying to any 
system for the high quality transmission of speech or music are outlined 
briefly, and the specific requirements to be met by the various apparatus units 
in a radio broadcasting equipment are discussed in some detail. The standard 
Western Electric 500-watt broadcasting equipment, which has found applica- 
tion in some fifty of the larger stations in this country and abroad, is described. 
Its performance capabilities are illustrated and it is indicated that a standard 
of performance has been attained which renders possible reproductions not 
substantially different from the original. 
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AN ANALYSIS ОҒ TWO TRIODE CIRCUITS* 


Dv 
JOHN Н. MORECROFT 


(TROWBRIDGE FELLOW, COLUMBLA UNIVERSITY) 
AND 


AXEL G. JENSEN 


(SCANDINAVIAN-AMERICAN FELLOW, COLUMBIA UNIVERSITY 
NEW York City) 


There seems to have been but little exact analysis of triode 
circuits, with the necessary experimental verification, without 
which the theoretical work is not complete. It is with the ide: 
of helping to fill this gap that the following analyses and ex- 
periments are reported. 

The plate current of a triode can be written 

Гь=а (Ен Ey 

in which the symbols have their usual meaning. Тһе exponent z 
is different in different types of tubes, and varies greatly in a 
given tube as the voltages used in the grid and plate are changed 
from small to large values. For the tube used in the following 
tests the curve represented by the above equation is given in 
Figure 1. The grid was held at zero potential and plate voltage 
changed as indicated. 

The input circuit of a tube, grid-to-filament, has both con- 
ductance and capacitance. The former may be made negligible by 
negative bias and the latter is negligible at low frequencies. Such 
was the case in our tests. 

The output circuit, plate-to-filament, also has resistance and 
'apacitance; the latter was negligible in our tests, but of course 
the plate-filament resistance can seldom be neglected, and it was 
not, in our analyses and experiments. The resistance of the plate- 
filament cireuit of the tubes has three different values, depending 
upon how the resistance is defined. 

(a) Continuous current resistance, Ra. From the plate cur- 
Е, 10. | 
I, E (Ен ESI 
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rent equation „= ; or. if Ро zero, 
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(pr (1) 


(b) Alternating current resistance, plate voltage alone varying. 
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FIGURE 1 


This resistance is constant only for small values of A Е,. 
For larger increments, the resistance must be written as a con- 
stant plus a series of harmonic terms. The value of the constant 
term increases with amplitude of à E,, approaching К. as a 
limit. 

(c) Alternating current resistance, plate and grid voltages 
both varving. 

dI,—arid Е +, ЧЕ) (Ep+e Е)? 
d E, 1 d E; 
741, azEptuEQ-! dl, 


d E, 
= ы " (3) 


Generally, Е is varied by variations of J, and it may be that 


d E 
the value of қ 
( р 
manner in which Ау is made to change by changes in Ip. In case 
d Eg . . . - . › 7 . 
1х positive, and sufficiently large, Rp may be negative, that 


is either positive or negative, according to the 


ох 


is, altho the change іп plate voltage d Е, is positive, the accom- 
panying change in plate current is negative. 

In the following analyses, by the term ‘‘plate resistance," the 
value of R, (case b) is always intended. This value is always 
positive and, in magnitude, is somewhat less than the “В” bat- 
tery voltage divided by the steady value (average value) of the 
current furnished to the tube by this battery. 


OSCILLATORY CIRCUIT CONNECTED TO PLATE 
The first circuit to be considered is that given in Figure 2. 


PLATE CORREN 


FIGURE 2 


A small increment in plate voltage or grid voltage will produce 
currents in the circuit as indicated. It is supposed that the con- 


denser has leakage, 5, (conductance = A), and that the resistance 


of the condenser branch is Re. Fora good condenser, both of 
these may be neglected, but if the condenser happens to be an 
antenna, such is not possible. In the following equations e, is 
the instantaneous value of the alternating component of the 
plate voltage, e, is the instantaneous value of the alternating 
grid voltage, 2 is the instantaneous value of the alternating com- 
ponent of the plate current. In the analysis to follow, we 
assume the grid takes a negligible current; at low frequencies 
the charging current is negligible and by suitable bias the con- 
duction current may also be made negligible. Then 


oa а or tp Rp=ep+Hey (4) 


е = S 2 (This defines polarity of M) (5) 


їр = 04 +12 (6) 


; di : 1 . 
e= -iRr-L = cS RI = 0 В. А (7) 


in which q is the instantaneous value of the charge on condenser С 


But 19 =1: and = 1+1. бо from (7) 
ldi 1 | 
Adt C (8) 
2 Cdi. | 
Апа =£ a) tis (9) 
From 4, 5, 6, and 7, 
ý : dt dt 
From which ù= А(1--%) | R, yi (11) 
From (9) and (11), 
Сай. (p Ru) L+eMdi 
Е = (iR Rp dt (12) 


Using the second and third terms of (7), and substituting the 
value of t: from (9) 
А а ü К 1 С diy 
11 ЕЁ „+1, dt =i (n+ 1) +R dt (13) 
Multiply (12) by Р, and use the value of т, Re so obtained in 
equation (13) 
йд К.К. К. dt 
(венка 8 км) (м) 
A its value from (14) 


C аз. Кі, үр 
ТЕЖЕДІ) 


di 1 \L+a M 
ШЕР R, | (15) 


Divide (12) Ьу A, substitute for 


Derive (14), multiply by С. and combine with (15). 


di 
d t? 


CIL Ry - R(L-- му сқ Р.Р, В.В, Вь Е.) + 
LAR,+(A Re+1)(L+eM)]+4i[RLR, А+ 


(R,J-RL)(A R.--1)] 20 (16) 
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йй 4А(СРа--4 L)(R,+R-)+C ReR,+L+uM(A Re+1) | 


di? dt C[L(G2, +В.) 4- Rc М] 
; A Ri(R,+Re) +A R, R:+R,+RL =0 (17) 
СЕ, +В.) +В. M] 
ИУ 
or pus 15010 a =0 (18) 


in which 
а= (C В, + А L)(R,-- ЕЮ.) +С В, R,+L+u M(A Rc4-1) 
b=A RL(R,-- В.) +A R,Re+Rpt+ Ri 
= C[L(R,4- В.) +В. » M] 
In case the conductance of the condenser is zero and no re- 
sistance is used in the capacity branch (A =0, Гс--0). 


а=С Rr R,--L--&.M 


b — R,4- Rr 
N=CLR, 
The solution of (18) will be a sinusoidal, damped, current if 
a? b | 
4N3 « N° If 2 is zero any oscilla- 


pu started keep up indefinitely. For oscillations to build up 


5 IN must be negative, which means that M must be negative, 


and in absolute value 


>-- СГ. antc Re R,-(C RL+4A L)(g,--R-)] (19) 

For the perfect condenser, with A =0 and Ес--0, oscillations 
will occur if M is negative and satisfies the condition for absolute 
magnitude, 


M» (Lec RLR,) 


The frequency of the oscillations, if they do occur, is given 
from equation (18) by the relation 


В 5 a? 
(22 f)?= w= ые; (20) 


or for the perfect condenser, 


- 1 в ER 
INT (14%) - (ші; (Lh an (21) 
The foregoing theory may be tested г. opening the oscil- 


latory circuit and putting it ina Wheatstone bridge, as shown in 
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Figure 3. The voltage introduced for measuring. er. will be a 
sine wave, equal in magnitude to the drop in one arm of the 


bridge. 
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FIGURE 3 


The derivation of the equation for this circuit is much the 
same as before, having, of course, the extra voltage, ez. to take 
care of, however. 

The ге similar in form to (18), comes out 


dà NH 6 |с 


buts eL = EL ae we know the current will be sinusoidal 
and representable by 


= Ре?" Ре 
Getting the proper derivatives, substituting in equation (22) 
and equating real and imaginery terms, we find 
(b—N o?) (В A+R. A+1)+a0?C(R,+Re) 
F,2Er,L-————t—-—- ! ———Р 
| (b — N w?)?+(aw)? (23) 
e C(R,4- Rx) (b — á № w?)—a «(В A+R. A1) (24) 
(b — N w!)*4- (a w)? 
The impedance of the circuit Zz is given by 


gt. ELF, pe ELF, 
I, FyY4+F,2 ЕЕ? 
(b—N w?)(R,A+R-A+1) +a о? C(R,4- В.) (26) 
(R,A+R-A+1)?+w?C(R,+R.)? 
a(R, A+R. A+1)—C(R,+R-)(b—N w?) (27) 
(В A+R: А+’ CR, +В)? 
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F:= EL 


--В-і +701, (25) 


So Ё = 


Li’ = 


In case R.=0 (which was true in our experiments) 
RL(R,A 4-1)?-- R,(R, A 4-1) + o? C R,[L(A В,+1) + 

RLR,4-» M —L(A R+1)] 

(R5 АЧГ)? о? C? R, 
-R (ВАНО СЕ» М 
(Е, A+1} о? C? R,? 

Putting in an equivalent series геѕізіапсе,? т, іптрІасе of A 
we have w?C?r=A and the denominator of equation (28) 
becomes Rp w? C? (1+ о? С?т) +2 Rpr о? C?+1. 

In the measurements we shall record we have, approximately, 
R,=5,000. 9—8,000, Cmar =10~°, Tmar.=2, Са. =0.2X107° 
бо wC?’ mar. Tmar.K1, 2%mar<K Rp, Вр C%nin>>1, so the de- 
nominator of equation (28) becomes ти Кр? о? С?. 


Вь = 


(28) 


1 
Тһеп Ві’ =Ri+rt CS at wR, (29) 


By a similar transformation we get, fom n (27), 


T 
wot- dos әсем 


For resonance Lz’ -0 and we get from the above,equation 


өй _ СВ, — рМ |^ C RJ 
2 
CHR(LR,-r&M) LCA4C LAM 
p 
cH ем 1 j| 
- i|: R,NR,C L (30) 


Above resonance, the circuit becomes capacitive and so а 
condenser must be used in the bridge to get а balance. This 
would open up the bridge circuit which has permitted the flow 
of continuous current,so we have to re-arrange the test circuit in 
accordance with Figure 4. 

By derivations similar to those used for the circuit of Figure 
3 we get, using R.’ to indicate the resistance as measured in the 
circuit of Figure 4. 

”- R, Ri (В+ Rz) + L R,(L-- М) 
баны (R +RL) +w (Lte M)? (31) 
And as RL&R, we may put 


RRL L R,(L+pM) (32) 
R +o (L+ М) — 


585 


=Re+r+ 


A00€o0 
RESISTA 


УОС PONER 


FIGURE 4 


This resistance, it is to be noted, is independent of the amount 
of capacity used in the circuit. 
Resonant — is given by 


„ЕМ i) 
2 шь 
w "si cw TUR: (33) 


and the resistance as resonance is (if we put №, = 0) 
“25 М (34) 


В. (тезопапсе)-Рі--т-- 


For measurement іп the inductive NEU, the resistance at 


resonance becomes, after legitimate approximation in equation 
(29) 


which is just the same as it is in the capacitive branch. It is to be 
noticed however, from equations (30) and (33), that the resonant 
frequency is higher when measuring in the capacitive branch 
than when measuring in the inductive branch. 


VARIATION OF REsISTANCE WITH FREQUENCY, FOR RESONANT 
CONDITION, 


At resonant frequency 


Р! и 


(by putting В = Вы +т-+ R.) 


If we now make the ratio of inductances of the two coils (in 
Figures З and 4) constant, so that Lı = т? L, if we keep the ratio 
of L to C constant so that C =n L, and as М = KV L L, we have, 
at resonance 

І +иКт І, 13-4 Km (36) 


Е’ (resonance) =R+ 7 UR. © в aR, 
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It thus seems that for a given tube the resistance of the oscil- 
latory circuit will be independent of frequency, provided the 
ratio of L to C is kept constant, and a constant coupling is main- 
tained between the coils, which are always selected with a definite 
ratio of inductances. 

Thus suppose a certain combination gives —30 ohms resist- 
ance at w=16,000. We change the size of wire used in the coils 
so as to get 4 times as many turns in the same size coil and keep 
the coils in the same relative position. The inductances will be 
increased 16 times and the coefficient of coupling will be the same 
as before. We increase the capacity 16 times. We drop the fre- 
quency so that w=1,000 and the circuit will again have —30 
ohms resistance. 


OSCILLATORY CIRCUIT CONNECTED TO GRID 

The next circuit to investigate has the oscillatory circuit con- 
nected to the grid, as in Figure 5. Altho this circuit looks much 
like that previously used, the solution is somewhat different. We 
again assume that the grid current is sufficiently small to. be 
negleeted without appreciable error. 

As preliminary equations we have 


Ю„ь=е„ь+ ше, 


di a: 
Ec cp 
"i ЕТ Га d 
di d i 
= —  — — М—? 
е, Ri L | 2 
= a із = } 1 
Ra, Rett e 
- d ) : ] d P 1 Я А 5 
Now PLI sO 4 а and ¿=i tio. 
From these equations we get by combination and differentia- 
tion 
» / l 47 | ў 
ru T" (ни | кене, (een ыты) 
dt Гл d t M dt ; 
| (37) 
|] (4 am 2 
= r, \ dt | dt 
Using the second and third members of (37) 
Ги 4 | : d | 
EE = :1-4М-- 
е, W(t eg tht i) di (38) 


Differentiating (38) and using this in the third and fourth 
members of (37) 
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(оа) = R re +L +В 
d'ài de, 
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Combining terms 


B MU | — М9 ° (L; RL+R,L)+i R,RL= — k, е; 


_ Я 1» _. 1 ІШ: < А 4 
Хоу co Ret, -(к1) = К+ 


4 €, е а 7 1 
dt ELO xS | 


1 |!de, Тї Redi 
C Fadi = (+! ‚)+ A dt 


Cg 


| Ге. | 
By solving for e, and " in equation (40), we get 


E pap itd | 
p Mods M2) (А Li Ry A R,L-4C ReR,) 


CA R, EL +: TP MA й (CR,-A(Litp м)“ 


d? 1 


Ed nte CLE ^ (C Li Rz C RL4C Re Ly 


TCR.» M)+i ЕҰУ R+1)(LiteM)} 
=—jCR,-A(LiteM) le, 
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(39) 


(40) 


SO 


hence 


(41) 


(42) 


(43) 


Differentiating (43) and adding the resultant equation to 
(42), we finally get 
13 
aC. мз)+ ааа L,—M?)+C(RiL,+R,L) 
di 
реда 7 [A Ua RL+L Ry) + (А Re+1) 


(11--АМ)--С еее? hdi +R,]=0 


di d'ia dib 
О d 18 d EN (45) 


(44) 


in which 
a-A(LLi— M?) -C(RozLi +В, 0) +С Е (+ M) 
b— A(RLLiT RS +(А Rc 1) (ite M) -C R (В+ Re) 
c=AR,(Ri+R-)+h> 
-С(1,1,- M?) 
То test the theory of this circuit we imagine the circuit 
opened for measurement in a Wheatstone bridge as indicated in 


N 
3 
N 


е” 


Zo BRIDGE 


FIGURE 6 


Figure 6. An analysis carried out to find the impedance to be 

measured in the bridge yields the equation 

di, dia dib с «Зе СІ, derCkR,+A Li AR, 
res = ----- a 257 522) Sent DE — е = 

ав dt MCA Ao abb N tut N ш. А 
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In which а, b, c, and N have the same meaning as before. Writing 
> wt а 

е,- EL €" as before and solving for the two components of cur- 

rent Ё, and F» 


(CR, +A Li)e*(b —? М) (АВ, С 11) (с — о?а) 


Е, = Er 
(c— w?* a) J- e? (b — о? А)? 
oc R, +- А ТА)(с—‹? а)-(А = о? С Li)o( b— өз N) 
С Iq е, 
(е ога) 4+ (6 о? №)? 
zi dg ELF, ‚ ELF: 
PR = Ri tial! 


from which 


„° | 4 4 | — 92. ; 4 = n? d P == 92 i 
R= (1) (( Ri+ 2 lalth 0) и 4 R, is : Ги) (с (и а) (46) 
ыҚ! R,+.A Li)?4-(A R,—ow*( Li) 
Lj’ = (A ,— o? C Li) (b —o* №) CR, +A Li) (c— aa) (47) 


«(С № + 4 Li) --(A Ге өз C Li) 

By substituting the values of a, b, c, and Х, and making the 

“ате simplifying assumption as before (А< ӨС and А, =0). 
we get 


R, АМ 
Ri’ = kL r+ R, cy d (91 М? + P (18) 


and 


р 1. а) 141 zi 
«Ти, = (^ L-— » 4- R, "LLL т: (om Me+ =) (49) 


If the circuit is opened in the capacity branch, the resistance 
R will be found independent of the value of the capacity, as it 
was for the first eircuit analyzed (equation (32)). 

The resonant frequency is given by the relation 

wh CL la М?) — о Leite М 1L,—-R,2CL)—R,2=0 (50) 
If М is small, the resonant frequency is given approximately by 

1 
Le 
Calling the resonant frequeney (or more accurately 27X the 


the relation w = 


оо” 
frequency), o, and putting — — =x we get 
(07 


"n, L i 24. L M? - 
Б a Libr М) )+°, $i ү +H M)=0 (51) 
/ р 
Then using the general equations (48) and (49) (after putting 
г = ()), we find from equation (49) the value of 


M 
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R, +) (9 Ы С a 
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and use this value іп (48) and so get as the resistance of the circuit 
at resonance (for any value of М) 


Ві, (resonance) = В+ Rp С ЖЕ +) 
w Ly «С 


shek s (52) 
L, 
Can М ВЕ Too LARGE To PRopUCE OSCILLATIONS? 

We determine the values of L, for which Rz’ (resonance) is 
zero with the maximum possible value of M. We have 


and using this in equations (51) and (52) we get (for Rx’ (reson- 
ance) =0). 


pip Kp LL 


2Rp 
RL 

In our tests we had #&=6.75, L 20.083, w.? = 108, R, = 5,000, RL = 3, 
and maximum available A = 0.8. 

So L,*—0.935 Ly"? +32 L, —46.8 Li? +0.25 20 
which gives \/[л = 1.425 or [1=2.03 henrys. So if we should 
put more than 2.03 henrys in the tiekler coil, with К =0.8, the 
set would not oscillate. 

In a somewhat simpler derivation we can write (as арргохі- 
mately true) equation (53) in the form 


Е, Rt EDR) 
wo L RL 


“ fey 2 
Ки LP? + = =0 
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(53) 
mp 


ГК R 2 үз 
Қ5- 2 = А и. Р 2 Ns ps 
pp DM M 
which gives 
p? 
= gab 


For K=0.8 and »=6.75 this gives the upper limit of Lı as 
70 times L, or if L=0.03 the maximum value of Lı which сап 
be used is 2.1 henrys, which is practically the same as obtained 
by solution of the more complex equation. 

In general w LKR? so that equation (48) may be written 


Pj, M 
Rr’ =Ri+ ilo M^ cr C | (54) 
р | 


| | eM, | | 
As M is negative the effect of this term Is to give negative 


C 
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resistance and the effect of w M? is to give positive resistance. 
Hence at some value of M the two terms will just neutralize and 
the effect of the triode on the resistance of the circuit is zero. 
The value of .M at which this equality oecurs will evidently in- 
crease as С decreases. It is given by 


ya ЕЕ ха? - 
w? M = с oF Mz C (55) 


VARIATION OF RESONANT FREQUENCY Аз M Varies, М BEING 
LARGE 
If we consider L; 22 henrys and M 20.2 and the other con- 
stants same as given above, the resonant frequency will vary 
appreciably as M is varied. We have to solve equation (51) to 
| | 1 
get the ratio of the resonant frequency to that given by ovy ё 
This effect will depend upon the frequency and was calculated 
for various values of М, and three frequencies; the results are 
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FIGURE 7 


given in Figure 7. The value of the resistance of the oscillatory 
circuit, at the resonant frequeney as fixed by the curves of Figure 
7, 1s given in Figure & It is seen that this circuit, with the con- 
stants given, would oscillate until Л approached the value of about 
0.2 henry and with greater values of tickler coil (coupling being 
kept constant), the tube would refuse to oscillate. 
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FIGURE 8 


RESISTANCE AND REACTANCE OF THE CIRCUIT AS FREQUENCY 

Is VARIED 

Using equations (48) and (49), the resistance and reactance 
of the oscillatory circuit were calculated, using the following 
conditions: 

RL-3, R,=5,000, »=6.75, L=0.03, and for the values of 
C, 2.083 #f., 0.333 »f., and 0.1704 f., which give resonance for 
w= 4,000, 10,000, and 24,000 radians, this covering the frequency 
range for which the circuit seemed suitable. Two values of Lı - 
were used. 


Case a [и - 0.04 
Case b Г, =2.0 


The results, for resistance, аге shown in Figures 9-11 and for 
reactance in Figures 12-14. The curves for reactance are 
nearly independent of the value of Lı, so only those for L =0.04 
henry are shown. 


EXPERIMENTAL INVESTIGATION 


The characteristics of the two triode circuits, the theory of 
which has been given in the previous paragraphs, were experi- 
mentally determined and the results are given herewith. 

The circuit was arranged as in Figure 3, a Wheatstone bridge 
being used to get the resistance and reactance of the circuit. As 
long as the circuit had a sufficiently large capacity the impressed 
frequency (that of the power used on the bridge) was above the 
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FIGURE 9 


resonant frequency of the circuit, its reactance was inductive, 
and a variable inductance was used in the bridge to get the re- 
actance balance. With capacity sufficiently small to make the 
impressed frequency lower than the natural frequency of the 
circuit it was necessary to use a condenser to balance the bridge. 
As the plate current of the tube would, in this case, have to flow 
thru the telephones (the capacity arm of the bridge being open) 
and as this would ruin the telephones and make the plate voltage 
excessively low, the oscillatory circuit was opened in the capacity 
branch, thus permitting the plate current to flow to the plate 
without going thru the bridge at all. This is indicated in Figure 4. 

A vacuum tube oscillator, giving a frequency of about 1,200 
cycles was used as a source of power for the bridge. Measure- 
ments were made on the circuits for about fifteen values of M 
between zero and its maximum possible value, this representing 
about 80 percent coupling. Various condensers, the capacity 
and series resistance of which had been accurately determined, 
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Figure 10 


were used in the oscillatory circuit; their values ranged from 
seven microfarads to one-tenth microfarad. The value of the 
equivalent series resistance of the condensers involves both Re 
and A of the theory, as no extra resistance was used in the capa- 
city branch. 

The experimental results have a precision of better than 
1 percent in most cases; in the only cases where a greater dis- 
crepancy than this occurred it was later found that the tube had 
ionized and had thereby changed the plate circuit resistance. 
When first starting the tests the tube had a resistance (alter- 
nating current) of 5,115 ohms, but during the progress of the 
work, it ionized a few times, and its final value of resistance was 
only 4,300 ohms. 

After performing a series of measurements, with fixed value 
of C and varying .M, the oscillatory circuit, where it had been 
opened for bridge measurement, was closed, and the value of М 
was increased until oscillations started, to see how closely the 
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condition of zero resistance corresponded to the condition for 
starting oscillations. Ав free oscillations must occur at a fre- 
quency fixed by the circuit constants, it is necessary that the 
circuit show negative resistance at the circuit's natural frequency 
before oscillations will start. 

Thus altho the bridge measurement might show negative 
resistance, oscillations might not start when the circuit was 
closed because at the natural frequency the resistance may be 
positive. But if, in the bridge, the circuit showed zero reactance 
and negative resistance,it would always start to oscillate as soon 
as the circuit was closed. 

Thus when the impressed frequency was the same as the 
natural frequency and the coupling was sufficiently weak that 
its effect on the natural frequency was negligible, the total re- 
sistance of the oscillatory circuit as measured in the bridge 
might look like that in Figure 15; if, with the oscillatory circuit 
closed, the coupling was increased until M was equal to 5.2 


millihenrys, the circuit would at once begin to oscillate. 
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The results of the bridge measurements are shown in Figures 
16-19. In Figure 16 are shown the curves of the resistance of 
the oscillatory circuit when this is in the plate circuit of the triode 
and the bridge is in the inductive branch of the circuit. Тһе 
resistance for this case is given theoretically by equation (29); 
this is seen to predict а linear relation between resistance and 
mutual inductance and the experimental results show this to be 
so. The equation predicts that, for circuit constants as used in 
this test, the smaller the capacity the tighter must the coupling 
be made to reduce the circuit resistance to zero, and the curves 
substantiate the theory. 

Curve 8 of Figure 16 shows the results when just enough ca- 
pacity was used in the oscillatory circuit to make this resonant 
for the impressed frequency, so that the bridge showed zero re- 
actance. With such a capacity the tube circuit will start to 
oscillate by itself, at this frequency, if the value of mutual in- 
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ductance is increased to 5.5 millihenrys or more. Having in 
mind the slight discrepancy between theory and experiment, 
due to the approximations made in simplifying the theory, experi- 
ment checks exactly with theory. As nearly as could be measured, 
oscillations started at once when the value of M demanded by 
equation (29), to make Rx’ equal to zero, was reached. 

The values of resistance used in plotting the curves of Figure 
16 have had the equivalent series resistance of the condenser 
taken out, as this was entirely different for the different conden- 
sers used. The values plotted on the curve sheet, therefore, are 
Rr’ -т, where Ё is the circuit resistance measured in the 
bridge and r is the equivalent series resistance of the condenser 
used. 

For the highest value of coupling used (M = 27 millihenrys) 
the values of Rz'—r have been calculated from equation (29), 
for the various values of C used. These values, together with the 
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experimentally determined values, have been tabulated on the 
curve sheet. The agreement can be seen to be remarkably close, 
especially when it is remembered that 200 ohms of resistance was 
permanently left connected in the oscillatory circuit to prevent 
oscillations while measurements were being made. The agree- 
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ment of theory with the experimentally determined values is 
generally closer than 1% percent. 

When the capacity used was greater than that required for 
resonance it was necessary to introduce the bridge in the capacity 
branch of the oscillatory circuit as noted before; the theoretically 
derived resistance for this case is given by equation (32). This 
equation predicts that the resistance should be independent of 
the capacity used in the oscillatory circuit and such is seen to be 
the case for the experimental curves given in Figure 17. The 
equivalent series resistance of the condenser has again been sub- 
tracted from the measured value of circuit resistance. Here 
also the divergency of the experimental values from those pre- 
dicted by theory is very small in nearly all cases, being much 
less than 1 percent. 

When the oscillatory circuit is connected to the grid, theory 
shows the resistance should vary with M as given in equation (48). 
In Figures (18) and (19) are shown curves of the measured value 
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of the resistance of the circuit after (?2z+r) has been taken out, 
these curves then give the experimentally determined values of 
the third term of the right-hand side of equation (48). It is here 
seen that the effect of coupling is much different than was the 
case when the oscillatory circuit was connected to the plate. 
The coupling introduces negative resistance into the oscillatory 
circuit for low values of M (this being negative in polarity) and 
positive resistance for high values of M. The amount of negative 
resistance developed in the circuit varies with the capacity used 
much more than was the former case. In Figure 18 the resist- 
ance 15 shown for the larger condensers used to bring out clearly 
the peculiar form of this curve and in Figure 19 are shown curves 
for the complete range of condensers used in the experiments; for 
the smallest capacity used, 0.0903 microfarad, the negative re- 
sistance generated with tightest coupling, exceeded 400 ohms. 
Other circuits with properly adjusted constants give thousands of 
ohms of negative resistance. 
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It is, of course, to be always remembered that the negative 
resistance cannot actually exist as the sole resistance of the cir- 
cuit; such a circuit would in general be unstable. These values 
of negative resistance are the values given by the interaction of 
the tube circuits and generally exist only if the positive resistance 
of the circuit is greater than this negative value, that is, the re- 
sistance of any stable circuit, as a whole, must be positive. 
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The experimental determinations given in this test for the 
oscillating condition were generally good to four significant fig- 
ures, a precision easily obtainable with the alternating current 
bridge; the departure of these values from the theoretical values 
was always such as could have been predicted, being due to 
approximations in the theory or to a slow change іп circuit соп- 
stants as the tests progressed. Also Rz and r were determined 
only for one frequency and the measuring frequenev differed 
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from this. Greater precision is possible, but it is felt that the 
results given fully substantiate the theory of these two circuits. 


SUMMARY: Two typical triode circuits, used for obtaining regeneration 
by mutual induction, are examined analytically, with the idea of testing the 
results of the analysis by experiment. 

As the experiments were to be performed with a one thousand cycle cur- 
rent (because of the greater accuracy of measurement at this frequency) it 
was permissible to neglect the condensive coupling due to the tube elements, 
and furthermore, as the conditions for the starting of oscillations were to be 
determined, the current taken by the grid could be neglected as it is only one 
or two microamperes in the non-oscillatory state. 

Measurements made on the circuits, by using the alternating current 
bridge, confirm the theoretically derived relations to a remarkable degree of 
precision, showing that triode circuits are susceptible of accurate analysis. 
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DISCUSSION 

Lewis M. Hull (by letter): The painstaking analysis and in- 
genious experimental methods set forth in this paper deserve 
praise. But it appears to me that the writers have directed their 
efforts away from those problems of triode operation which are 
of importance in modern radio practice. Their analyses are con- 
cerned solely with the first-order effects in two typical circuits: 
the tuned-grid and tuned-plate circuit, with inductive feed-back 
coupling. By first-order analysis I mean, іп general, consideration 
of quasi-plane sections of the triode characteristic surface, which 
leads to the usual linear circuital equations with constant co- 
efficients. The results of investigations of the two circuits dis- 
cussed in this paper are applicable mainly to two general processes 
in tuned triode circuits: first, regenerative amplification of exter- 
nally impressed oscillations, and second, self-generation of sus- 
tained oscillations. If we turn back to the literature on this 
subject, we find that the elementary results obtainable by first- 
order analysis alone have been derived again and again. With 
regard to regenerative amplification we find the classical papers 
of Vallauri, seven years old (‘‘Elettrotecnica,” 4, 335, 350, 1917), 
of Ballantine (this journal, 7, 2, page 155, 1919), and, more re- 
cently, the thoro analysis of Chaffee (this journal 12, 3, 299, 
1924). In fact, the framework of the typical first-order analysis 
of regenerative circuits has become essentially text-book material 
for modern engineering courses, in a class with the alternating- 
current transformer and the induction motor. Ав far back as 
1918, moreover, Hazeltine carried the first-order analysis to its 
useful limit in the problem of generation of sustained oscillations 
by a triode (this journal, 6, 2, 63, 1918). All of this work reaches 
the usual conclusions on negative resistance, conditions for start- 
ing oscillations, variations of national frequency with circuit 
constants, ete. То be sure, no previous investigator has meas- 
ured those particular first-order effects described in the present 
paper. But the point I wish to emphasize is that it is unfortu- 
nate that much talent and diligence should still be applied, in the 
present day, to ferreting out the details of various circuit com- 
binations on the basis of the old linear equations, when the real 
problems, which combine theoretical interest with immediate 
practical importance, are concerned almost wholly with the de- 
partures of the current-voltage surfaces of the triode from simple 
planes. 

For instance, the radio technician is not so vitally interested 
in the properties of the negative resistance which a feedback 
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coupling introduces into a tuned circuit provided the assumption 
of linear characteristics is fulfilled: Armstrong discussed this 
negative resistance pretty thoroly without any reference to the 
calculus at all. The engineer wants to know why the ultimate 
current obtainable in a tuned receiving circuit without local oscil- 
lation is not independent of the original resistance of that circuit, 
as the linear negative-resistance equations predict. The answer 
to such a question can be found only by assuming the resistance 
of some element of the circuit to be a function of the amplitude 
of oscillation, which is the condition that actually obtains in most 
practical circuits. I have investigated this question mathemati- 
cally, and have obtained an approximate solution of the equations 
for a variable grid-filament resistance (appropriate in the case 
of a regenerative detector tube) and for a variable plate-filament 
resistance, R, Ву considering variations with the amplitude 
in either of these two triode coefficients alone, it is possible to 
explain the experimental phenomenon of a progressive decrease 
іп the generative amplification as the original or basic loss ге- 
sistance in the tuned circuit is increased. 

In the case of the triode generator it has been shown repeat- 
edly, not only that the slope of the characteristic surface at the 
operating point (expressed in terms of amplification "constant" 
and plate-resistance) has little significance in determining the 
amplitude of oscillation, but that stable oscillations are actually 
impossible on plane sections of this surface. I wish to point out 
that the literature contains several complete discussions of the 
whole problem of oscillation with a triode having the necessary 
curved characteristics. Many years ago Barkhausen supplied a 
volume of analysis on the oscillating arc, much of which is directly 
applicable to the triode problem (‘‘Das Problem der Schwingungs- 
erzeugungen," Pries, Leipzig, 1907). Van der Pol (‘‘Radio Re- 
view" I, 701, 1920), gave an excellent discussion of the non-linear 
problem, using Lorentz’s method of perturbations, but without 
experimental verification. Appleton and Van der Pol (‘‘Phil. 
Mag.," 42, 201, 1921), carried the analysis further and obtained 
experimental verification of their results on triode oscillations 
over а wide curved range of the voltage-current characteristics. 
Two years ago I published in these Рвосккрімсв (10, 5, 373, 
1922), a complete mathematical theory of sustained oscillations 
in а triode generating circuit which are of such wide amplitude 
as to extend far into the saturation region of the characteristic 
surface, and thus apply to conditions in which the triode is most 
efficient as а power converter. I consider that my method is 
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perhaps superior to Van дег Pol’s, insofar as it permits either 
exactness or approximation, as the occasion demands, and allows 
a prediction of the alternating-current power obtainable from a 
tube, and of the circuit constants necessary for maximum power 
output or maximum efficiency, all of which have been checked 
repeatedly in experimental practice. The extra cooling of a 
power-tube filament, due to the latent heat of evaporation of 
electron current, was considered, with the resulting errors which 
this effect introduces into the ‘‘static characteristics” of a power 
triode. Accordingly, a bridge method was developed for meas- 
uring at low frequencies the "generation constants" of a triode, 
from which its power output in any mono-periodic generating 
circuit are calculated. The methods described in my paper are 
of most value in connection with triodes of small power capacity; 
I have never applied them in practice to tubes larger than the 
conventional '"five-watt" type. But the outstanding point is 
that the elementary non-linear viewpoint has long since been 
passed, in application to practical operation of triode circuits. 
In view of the quantity of theoretical and concordant experi- 
mental work which has already been published on the curved 
characteristics of the triode, the real “gaps” which remain to be 
filled in do not appear to be touched by the present paper. Un- 
doubtedly many other investigators in this country have worked 
out methods for handling the curvature of triode characteristics 
in the circuit equations; they would perform a further scientific 
service by publishing their results in these PROCEEDINGS. 


J. H. Morecroft (by letter): It seems as tho Dr. Hull had 
failed to read the first paragraph of our paper, otherwise most of 
his reiteration is difficult to understand. The excellent work of 
Armstrong, Hazeltine, Ballantine, himself, and other investi- 
gators, as published in the PRocEEDINGS, does not give experi- 
mental proof of the theory (insofar as I can see), and, unimport- 
ant as it may seem to a research man of Dr. Hull’s type, the ex- 
perimentally obtained curves, substantiating the theory, are 
often of more value to the general worker and student than the 
theory itself. 

Not all papers can be original in the sense that they deal with 
a subject never touched before—not all of us can be Faradays 
or Hertz's. In 1919, I published in the "American Institute of 
Electrical Engineers Proceedings," а paper on the triode as a 
power converter, giving operating curves exactly like those given 
by Dr. Hull in his 1922 paper in these PRocEEDINGS, and many 
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other curves perhaps more important than those Dr. Hull gave 
three years later. But that did not make his paper of no value! 
Five years ago, in my radio text, I discussed in an elementary 
way the effects of the variation of the plate circuit resistance 
of a triode, but that doesn’t make valueless any contribution 
Dr. Hull may add, due to research activities he is carrying out 
at present. 

The mathematically inclined research worker will do well to 
remember that not all people think as he does; some have to 
progress by routes which involve more detailed effort and repe- 
tition than he thinks worth while. 


607 


Domi Google 


EXPERIMENTAL DETERMINATION OF THE FUNDA- 
MENTAL DYNAMIC CHARACTERISTICS OF A TRIODE* 


By 
Eviro TAKAGISHI 


(Клио ENGINEER, ELECTROTECHNICAL LABORATORY, MINISTRY OF Com- 
MUNICATION, Tokyo, JAPAN) 


CONTENTS 
Page 
DV MOUS Scio із ceat Rus aed i ak ГТ ТЕКСТ 609 
I. General Сопядетайопя........................... 609 
II. Methods of Measuring the Fundamental Frequency 
Component Electric Ситггепів................... 610 


ПІ. Measuring Arrangement for the Determination of the 
Fundamental Dynamic Characteristics of a Triode 611 


IV. Dynamic Characteristics of a Triode............... 616 
V. Voltage Amplification Factor or Constant.......... 620 
Ml RUM eid Hu podere cid eared Reeds 622 


I. GENERAL CONSIDERATIONS 


Because of the recent development in vacuum tube technique, 
not only the field of radio communication but also several other 
branches of science have made such rapid progress that one could 
hardly have foreseen these wonderful changes even a few years 
ago. Nevertheless, progress has been rather slow in the experi- 
mental determination of the real functioning of the triode. 

The writer believes that more efficient and correct utilization 
of the triode can be attained only thru exact knowledge of its 
characteristics. Up to the present, the characteristics of the 
triode in its static condition have been much investigated; while 
on the other hand, when dealing with its performance as a gen- 
erator or an amplifier of oscillating current or potential, the 
dynamic characteristics become important in order fully to under- 
stand the operation of the svstem. 

As is well known, the current flowing in a triode in actual 
operation is not free from distortion, and large harmonic com- 


* Received by the Editor, February 25, 1924. 
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ponents are present in addition to the fundamental. When a 
triode is used in an electric circuit which can be actually tuned 
to a resonant frequency, the relation between the various elec- 
trical quantities is ordinarily important only insofar as it relates 
to their fundamental frequency. 

With this idea in mind the writer carried out some experi- 
ments for measuring the fundamental components of electrical 
currents in triode circuits under conditions similar to those found 
in practice. The results are described below, but it is very re- 
grettable that the writer is unable to give them quantitatively, 
because all of the records of the investigations were destroyed 
during the recent conflagration in Tokyo. 


II. METHODS оғ MEASURING FUNDAMENTAL FREQUENCY Сом- 
PONENTS IN DISTORTED ELECTRIC CURRENTS 


Three methods may be considered for measuring the funda- 

mental component in a distorted electric current. These are: 
(a) Tuned circuit method 
(b) Wattmeter method 
(c) Vibration galvanometer method. 

In the first method, there is used a tuned circuit consisting 
of inductance and capacity, the natural frequency of which cir- 
cuit is equal to that of the current to be measured. This method 
is convenient for the measurement of currents of higher fre- 
quencies but is not so practically suitable for that of lower fre- 
quencies. 

The second method utilizes the following characteristics of 
a wattmeter. When sinusoidal currents of the same frequency 
are made to flow thru both of the two coils of a wattmeter, 
it always indicates their product, and even when one of them is 
replaced by a distorted current, the wattmeter indication re- 
mains unchanged so far as the fundamental of the distorted cur- 
rent does not change both in amplitude and phase. The watt- 
meter can be calibrated by using a sinusoidal current obtained 
from an ordinary power source and it can then be readily used 
for the measurement of the fundamental component of any dis- 
torted current. 

This method is ingenious in theory and also simple and con- 
venient for experiment, but it should be borne in mind that even 
a slight distortion in the auxiliary electric current causes a large 
error, especially when the current to be measured contains a 
large proportion of harmonics. For example, only five percent 
of the third harmonic in the auxiliary current and three hundred 


610 


percent іп that to be measured give rise to an error of fifteen 
percent in wattmeter reading. 

The last method depends upon the principle of alternating 
current potentiometer, using as an indicator a vibration gal- 
vanometer, which 15 resonant to a fundamental frequency. 

When a sinusoidal current 2. flows thru a conductor A (Figure 
1), and the current та which is to be measured flows thru the other 
conductor B, and a vibration galvanometer is bridged across the 
two resistances R and r (which are inserted in each conductor), 
the galvanometer will cease to vibrate at a definite value of r/R. 


Then the fundamental component of 74 is found to be 1, Е Ву 


the use of а galvanometer which does not respond to any 
other harmonics, the zero point will remain unchanged as 
long as the amplitude of the fundamental in 74 is kept constant. 
Even in the case when the ammeter reading of 7, is used directly, 
instead of its fundamental component, the percentage error is 
actually small. For example, if îs contains five percent of har- 
monic components, the error as a whole has a value of only 0.12 
percent. 


FIGURE 1 


ПІ. MEASURING ARRANGEMENT FOR THE DETERMINATION OF 
THE FUNDAMENTAL DyNAMIC CHARACTERISTICS OF A TRIODE 
Suppose that a triode V (Figure 2) behaves as a generator of 
radio frequency current, impedances Z, and Z, being placed in the 
grid and anode circuits. 
If the voltage drops іп Z, and Za are e, and ea, we may substi- 


FIGURE 2 
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tute for each of the impedances a generator of ап emf., which is 
equal to that across the respective impedances with respect to 
both amplitude and phase. The practical experimental arrange- 
ment, which is based on this idea, is shown in Figure 3, the fol- 
lowing abbreviations being used: 
V—triode, the characteristics of which are to be 
studied, 
B,—battery or direct current generator in anode 
circuit, 
B,—battery in grid circuit, 
B,—battery in cathode circuit, 
T,—transformer to supply anode circuit with ea, 
T,—transformer to supply grid circuit with ез, 
T ,—transformer in the local circuit, 
F,—phase transformer in grid circuit, 
F,;—phase transformer in local circuit, 
Ta, То, Tj —resistances in anode, grid, and local circuits, 
respectively, 
ry—potentiometer, 
Ал, Ag, Ax, A;—ammeters in anode, grid, cathode, and local cir- 
cuits, respectively, 
Va, Va—voltmeters in grid and anode circuits, 
G—vibration galvanometer, 
S—change-over switch, 
t—ground connection. 

The phase transformer is such that single phase voltage in any 
phase may be drawn from the rotor, three-phase voltage being ap- 
plied in the stator and the rotor being turned. The electromotive 
forces e, and e, are applied to the anode and grid circuits by means 
of the transformers T, and Т, There then flows in each circuit 
а current of complicated wave form, which becomes more dis- 
torted as the applied voltage grows. The fundamental alter- 
nating components in the distorted currents are denoted by 
1. and 1, When 7, and i, are made to flow thru ra and то, the 
voltage drops are proportional to the currents flowing. The cur- 
rents are then measured by potentiometer method, the drops 
being balanced to the sinusoidal voltage drop in r,. Тһе phase 
transformer F; supplies, thru a transformer Т), а current of pure 
sine form flowing in a local circuit which includes a potentiometer 
resistance Tp 

We first adjust the local current to a certain amount (for 
example, one ampere). Тһе vibration galvanometer G is bridged 
across r, and a part of rj. When the galvanometer just ceases to 
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vibrate, the fundamental voltage drops in г. and the included 
part of r, are equal to each other, that is, 74 is found by the fol- 


lowing equation 
ey ds 
етер 1 
1 1") (1) 


where 74 signifies here the fundamental of the distorted alternating 
current and ; the sinusoidal current in the local circuit. 
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FIGURE 3 


In cases where both amplitude and phase of e, and е, are 
varied to various extents, the current 7, can be measured easily 
and correctly by adjusting F,, F;, and so оп. The distorted cur- 
rent 2, in the grid circuit can also be measured similarly. Тһе 
writer has made some experiments with the case where e, and e, 
are in opposite phase, the arrangement being shown in Figure 4, 
which was chosen because he did not possess a phase transformer 
Ро, as required in the arrangement of Figure 3. A transformer T 
was used, which has two sections, S, and S, in the secondary, the 
former being for the anode and the latter for the grid circuit. 
La апа Lg are for adjustment of the phase of e,; L,, serves to 
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produce a lag and L,, a lead relative to the terminal voltage at S,. 
Resistance R, serves for fine adjustment of the amplitude of e,. 


FIGURE 4 


As the phase transformer Ру, the writer made use of a direct 
current shunt motor of one-half horsepower, the whole winding 
of its armature being divided into three symmetrical sections in 
order to render it available for three-phase supply, and two new 
windings, each having twenty turns, being placed on the existing 
field coils. 100 volts of three-phase supply were too high for safe 
direct application to the armature, and two transformers were 
used, by which 100 volts were stepped down to about 20 volts. 
Thus the induced 8 volts in the secondary was nearly cotnstan 
for all positions of the rotor. Thisemf. produced an electric cur- 
rent of less than one ampere іп the local circuit. The instruments 
and arrangements used will be explained below in more detail. 

Referring to Figure 4: 

T—primary 100 volts, 6 steps, secondary voltages finely ad- 
justable, secondary max. 1,000 volts, S, max. 250 volts, 
I—100-watt incandescent lamp, used for suppression of 
self-oscillation of the transformer Т associated with the 
triode V, 
Tu, Ti,—single-phase transformer, primary 100 volts, secondary 
20 volts, 
V,—alternating current voltmeter, max. 1,200 volts. 
V,—alternating voltmeter, hot-wire type, 100 volts, max., 
about 600 ohms resistance, 
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A,— direct current milli-ammeter, 500 milli-ampers max., 
A,—direct current milli-ammeter, 150 milli-amperes max., 
A,—direct current ammeter, 5 amperes, max., 
A,—alternating current ammeter, 1 ampere max., 

rp>—5 ohms, about 50 cm. (19.4 inches) long, straight, B. 
and S. number 32, 

Тг-20 ohms, 2 amperes, 

7—22 ohm—44 ohm—220 ohm—and 440 ohm—taps pro- 
ducing 2.2 volts of potential drop by 100 m.a., 50 m.a., 
10 m.a., and 5 m.a. of anode alternating current, re- 
spectively. 

rg—similar construction to Та, 

R,—8 ohms, 2 amperes, 

L,,—small iron core inductance coil for fine adjustment of 
phase, 

L,,—large iron core inductance coil for fine adjustment of 
phase, 

B,—dry battery, max. 1,500 volts, 

V—triode, manufactured by the Tokyo Electric Company, 
Ltd., 250 watts, cathode current 3 amperes, 

B,—accumulators, 20 volts, 

G—vibration galvanometer, re-constructed from a 800- 
ohm telegraph relay; instead of the tongue, a vibrator 
of thin iron plate, was used, this tongue being about 
0.08 mm. (0.03 inch) thick, adjusted to vibrate vigor- 
ously at a resonant frequency of 50 cycles, and oper- 
ative down to 0.1 volt or 0.05 milli-ampere. 

The current in the local circuit was maintained constant at 


0.44 ampere in order that fifty centimeters (19.7 inches) in length 
of the potentiometer resistance wire may have a voltage drop of 
just 2.2 volts. If 22 ohms of resistance are used for ra, then 7, 
is measured by 


(length of resistance wire r, in cm.) 


ta = 100 50 cm 


with 44 ohms for r, 


(length of resistance wire тїп ст.) 


la = 50x 
50 crn. 
with 220 ohms (2) 
-10х Ue (length of resistance wirerincm. ) 


50 сіп. 


апа with 440 ohms 


; х (length of resistance wirerin cm.) 
50 c.m. 
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For the measurement of larger currents, the current 7, was 
increased to 0.66 ampere. 

The process of measurement will be explained for the above- 
mentioned arrangement. We first keep the triode V in its normal 
condition, for example, with 750 volts of direct anode potential, 
2.8 amperes of cathode current, and we then apply voltages from 
the transformers to the anode and grid so as to make e, and e, 
opposite in phase to each other. е, and e, cannot always be kept 
in exactly opposite phase, since the phase varies according to the 
amount of load on the transformers. То take care of this con- 
dition, La and 1, serve to adjust the phase precisely. We then 
throw the switch S to the left, slide the contactor of the poten- 
tiometer, and at the same time turn the rotor of the phase trans- 
former F, until the galvanometer ceases to vibrate, at the same 
time keeping the alternating current ù in the local circuit at a 
constant value. We then throw the switch S to the right and 
observe whether the null point of the galvanometer be found on 
the potentiometer or not. Generally this is not the case, for 
Да and 1, are not exactly in opposite phase. In that case, it is 
necessary to adjust the phase of e, by La, Lo, Ro, and so on, and 
find anew the desired condition. For example, if e, lags a little 
behind e,, ta also lags behind it. It is then necessary to make e, 
lead but a little in order that ta be in phase with ù; in that con- 
dition, however, the phase of e, does not coincide with that of e,, 
but leads it by a small amount. Thus if e, leads quite a little, 
the desired condition will readily be found, where all the voltages 
and currents ел, €o, и, and so on, аге іп the same phase. Under 
these conditions, we must throw the switch to the left and then 
to the right, and the null point will be found in both cases, and 
thus 4, and 1, may be measured directly on the scale of the 
potentiometer. 

Typical results of the measurement are shown in Figures 
9, 6, 7, 8, and 9. 

IV. Dynamic CHARACTERISTICS OF A TRIODE 

Figure 5 shows the relations between effective values of thefun- 
damental components of anode current (A), grid current (G), and 
their total (E) against applied grid voltage at a definite ratio of 
€, and е,, which latter are in exactly opposite phase. It is inter- 
esting to note that curve А has a peak, past which the curve 
falls rapidly, while curve G begins to rise suddenly at that point 
and reaches a high value. This indicates that, in such con- 
ditions, the grid absorbs the larger part of the electrons emitted 
from the incandescent cathode. 

616 


—— € J volt 


FIGURE 6 
Се) «rdi 
AN » 
L, 
® 
FIGURE 7 


617 


FIGURE 8 


As to curve Е, however, it never drops. In the figure, it is 
seen that grid current varies widely, depending upon the alter- 
nating voltage applied to the anode, and in the following equation 
for grid current a factor ” cannot be neglected, 


tg=g (6+ еа) (3) 


—* +, volt 


FIGURE 9 
618 


The presence of grid current and the factor * are both im- 
portant in studying the operation of a triode. Their exact rela- 
‘tions are not yet worked out. 

Dotted lines А and G in the figure show the corresponding 
values of direct current in the anode and grid circuit. Curves 
А and G in the figure change in form for different values of 
€,/€a, аз Shown in Figure 6. Тһе values of the ratio e,/e, mul- 
tiplied by и is denoted by a, where 4 is so-called voltage ampli- 
fication factor. In the present case, м was measured and found 
to have a nearly constant value of 26, and a was selected between 
1.73 and 6.18. | 

The characteristic curves explained above will be of great 
service for the predetermination of the stable oscillating condi- 
tion of the triode. As a simple example, let a system oscillate 
with the circuit arrangement as shown in Figure 7, using a triode, 
the characteristic of which is known to have the form shown in 
Figure 8 for a certain value of a. In this case, the expression 
p x can be used approximately for a, M being the mutual in- 
ductance between L, and L,. 

Strictly speaking, the wave length at which the system is 
maintained in oscillation is not exactly equal to the value cal- 
culable when considering inductance and capacity only, but in 
the present case, for the sake of simplicity, the only capacity 
besides the condenser capacity which was considered in the de- 
termination of the wave length was that of the lead wires, which 
eliminated an appreciable error. Let C, signify the resultant 
total capacity. Then the oscillating circuit consisting of La, Са, 
rı, and 7; offers an equivalent resistance equal to La/Ca (ri-- r2), 
at the wave length calculated from La and Ca. We draw the 
straight line O Q P (Figure 8), which has a slope equal to 
lan ! L,/C, (ri4-r;), and intersects the dynamic curve at two points 
P and Q. One of these two points, P corresponds to the condi- 
tion found in practice, where the values of e, and đa, and conse- 
quently that of the oscillation current are definite. If С. is made 
larger and larger, the straight line O Q P rises more and more 
steeply, and at a point R becomes tangent externally to the curve, 
and there oscillation dies away. To start oscillation again, it 
is necessary to give the straight line a greater slope, in other 
words, to make C, smaller. Then the system begins to oscillate 
at a point S, О 5 being tangent internally to the curve. In 
this case e, and consequently e, have rather larger values than 
those in the former case, but so far as the amplitude of the oscil- 
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lation current іп the resonant circuit is concerned, it is not pro- 
portional to e,, but is rather smaller, because then the equiva- 
lent resistance has a larger value. 

This phenomenon is already known аз“ Ziehen"! in Germany, 
and has been investigated in that country altho the investi- 
gators do not use dynamic characteristics as explained above, 
with the exception of Dr. Hans Georg Moller,? who, however, 
did not show the falling characteristics for the anode. 

From the characteristics of a triode and its associated cir- 
cuits, it will be fully understood that this phenomenon accom- 
panies changes in wave length and that it takes place only when 
the characteristic has an inflection point on the left-hand side. 
The values of La, M, L./C, (т, +72), and so on, being measured 
and calculated, the writer predetermined, with Ca, M,, and so оп, 
as variables, the values of the oscillation currents according to 
the methods explained above and observed good agreement. 
As the direct voltage E, on the anode is varied between 200 volts 
and 1,300 volts, the corresponding alternating anode and grid cur- 
rents vary according to the curves in Figure 9, by which means 
of which modulation in the anode circuit can be predetermined. 
If the heating current thru the cathode is increased, those curves 
grow higher, as might be expected. If E, were varied, similar 
curves might be expected. Unfortunately the great fire in Tokyo 
intervened before these measurements were started. It is regret- 
table that the results are, for that reason, given only quali- 
tatively (against the writer's inclination). 

The writer, however, believes that he will be able to publish 
the further details of the experiments later on. The above-men- 
tioned instance is only for the special case where e, and e, are in 
opposite phase, while in other cases, matters are not so simple, 
but become more interesting and important. 


V. VoLTAGE AMPLIFICATION FACTOR OR CONSTANT 


The anode current is usually expressed by the following 
equation 
i, (ме) (4) 
where h is the variable conductance of a triode and + 1s a factor 
called “voltage amplification factor," which is supposed to be 
constant with respect to a triode. In the equation it is seen that 
i, is always zero when e, plus e, is equal to zero, and following 
! “Ziehen” may be translated as “pulling” (intermittently) or “tugging.” 


2 Dr. Hans Georg Miller, “Die Elektronenróhren und ihre Technischen 
Anwendung." 
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this idea the writer measured this factor with the arrangement 
already mentioned, the results being shown in Figure 10. The 
dotted lines show the relation between е and e, under the con- 
dition that 74 is zero, that is to say, the slope of any straight line 
ОР defines the value of # in that condition.. The lines are curved 
as shown, in other words + is not constant. 


od 


MEA 
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The cause of this is merely the existence of grid current, 
which is proved by the following experiments. Тһе writer 
assumed the correctness of the equation 

1, =o (ец + by еу) (5) 
where ;, is the fundamental component of current emitted from 
the cathode, and g, and и are the factors just defined. The meas- 
urement reveals the fact that the relation between e, and e, under 
the condition that и is zero is shown by a straight line O P., 
which remains unaffected by great changes in the values of the 
variables. Thus the newly established constant of voltage am- 
plification is really constant for a given triode. The writer de- 
sires to express his obligation to Mr. E. Yokoyama, under whose 
direction he carried out the present experiments, and also to 
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express his deepest indebtedness to Mr. S. Kawazoe for his val- 
uable assistance thruout the whole series of experiments. 


SYNOPSIS 


1. In studying the action of a triode, the static character- 
istics have been much considered, but little attention has been 
paid to the fundamental dynamic characteristics, which show the 
relation of much distorted currents and potential drops in a triode 
with reference to their fundamental components only. 

2. A method of measuring the fundamental component in 
distorted electric current was adopted to determine the above men- 
tioned characteristics of a triode. The experiment was confined 
to a special case, where grid and anode voltages are kept exactly іп 
opposite phase, because all the apparatus and the arrangements 
had been destroyed by the recent conflagration in Tokyo before 
further experiments were executed. The circuitual arrange- 
ments of the measurements are fully described. Some of the 
fundamental dynamic characteristic curves of a triode thus 
determined are shown and explained. 

3. It has been found by the experiment that the anode cur- 
rent-grid voltage characteristic curve has a falling region in a 
working condition and that the current which flows thru the · 
grid circuit generally has a large value. 

4. Some characteristics of a triode in stable oscillation were 
predetermined by the help of the characteristic curves and were 
іп a good coincidence with those directly measured, the triode 
being operated as an oscillator. The phenomenon of "Ziehen" 
was briefly mentioned. 

5. It was observed in the experiments that а voltage amplifi- 
cation factor or constant as at present defined is not of con- 
stant value, but is subjected to variation with applied voltages. 
А new constant has been established, which relates to the emis- 
sion current from the incandescent cathode of a triode instead of 
the anode current. 

6. It is much regretted by him that the writer is unable to 
give the results of the present researches quantitatively because 
of the recent conflagration at Tokyo, but he expects to go ahead 
with the experiment in the near future. 


SUMMARY: By picking out the fundamental component only from the 
distorted current in a triode while functioning, the writer has found first new 
forms of dynamic characteristics for a triode, which are utilizable for solving 
various problems not hitherto satisfactorily solved (for example, modulation 
in radio telephony, the phenomenon of "Ziehen," or “pulling,” and so on), 
and secondly that the grid current may reach a large value and that the 
factor or constant 7 merits attention. Some experiments have been carried 
out relative to the voltage amplification factor for which a new expression has 
been found. The work is being continued. 
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A HIGH EFFICIENCY VACUUM TUBE OSCILLATING 
CIRCUIT* 


By 
D. С. Prince Амр F. В. VocpEs 


(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, 
NEW YorK) 


INTRODUCTION 


In preceding issues of the PROCEEDINGS OF THE INSTITUTE 
OF Rapio ENGINEERS, methods of calculating the performance 
of vacuum tube oscillators have been developed.! Except іп 
Chapter VII of the cited papers, sinusoidal voltages only were 
considered. Chapter VII develops the method of calculating 
the increase in efficiency and output when the circuit is made 
responsive to more than the fundamental frequency. 

A circuit called the “push-pull” circuit has been developed in 
which two tubes are operated 180? out of phase. Several circuits 
of this sort have also been suggested in which the idea that each 
tube should carry current half of the time and that the current 
form should be square in each tube (the summation current being 
held constant by an inductance in the supply lead), has been 
added to the two-tube idea. 

The writer has spent considerable time reducing this form of 
circuit to а design basis. In doing this it has been necessary to 
make several changes in the original circuit. Тһе present paper 
develops this study to a point where intermediate frequency 
circuits of very high efficiency and large specific output can be 
designed with reasonable certainty that they will work as desired. 


SQUARE ХУАУЕ OSCILLATOR 


With the usual type of sine-wave oscillating circuit, current 
is drawn thru the tube for а very small part of the cycle when 
high efficiency is sought. "The reason for this is that, since the 
plate voltage is varying sinusoidally, it will remain at a minimum 
for a very short time. During the remainder of the cycle the 


*Received by the Editor, December 31, 1923. 

! D. C. Prince, “Vacuum Tubes as Power Oscillators,” PROCEEDINGS OF 
Тне Іхвтітсте оғ ҢАШО ENGINEERS, volume 11, numbers 3, 4, 5; June, 
August, and October, 1923. 
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drop is high so that any current passed is accompanied by large 
loss. However, since the purpose of this discussion is to develop 
the design of a circuit of high output we will deliberately increase 
the angle during which current flows and then study ways of 
reducing the losses. Since a given thermionic valve has a definite 
amount of emission, the largest input will be obtained by taking 
the full emission while the current flows. For reasons which 
will appear later, the circuit will be made symmetrical so that 
each of two tubes may draw current of constant value during 
one-half of the cycle. Such a circuit is shown in Figure 1. This 
circuit of Figure 1 is not usefully operative, so no grid control 
is shown. Figure 2 shows the plate drop ер, plate current ip, and 
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loss w, for one of the two tubes. It is apparent that the losses 
at points “а” are much higher than at points “Б,” because the 
voltage drop across the tube is high at those points. At points 
“b” the drop need be only sufficient to overcome the space charge 
of the tube. 


FIGURE 2 


624 


The power input to the circuit is the product of current J and 
volts X, both of which are constant. The plate voltage is 


ер-Х--А cos 0 


Instantaneous loss is W =e, I =I] (X —A cos 0) 


ї е 
xl) (Х--А cos 0] d 0 


Efficiency = : 
IX 
gt 
= A „г cos 0 d 0 
д Х — д 
2А 
ХХ 


Thus the efficiency is 0.637 times the ratio of counter emf. 
maximum to impressed direct voltage. A is always less than X. 

Since we are trying to improve the efficiency without chang- 
ing the current wave, we must proceed by changing the voltage 
wave. From Figure 2 it appears that the loss could be reduced 
to a minimum if the plate voltage e, were kept at the minimum 
value necessary to overcome space charge for the entire period 
during which current flows. This would mean a voltage wave 
such as shown in Figure 3. 


FIGURE 3 


It is quite immaterial what the plate voltage is for the period 
“аса,” since no current is flowing. The important thing is to 
have е, a minimum for the period “а b a” during which current 
is flowing. Whether the values of e, should follow the full or 
dotted line for the period “a c a” is determined by the method 
used to control the potential in the period “a b а.” 

By the method described in Chapter VII, of the previously 
cited papers, a symmetrical square voltage wave could be ob- 
tained by employing a considerable number of trap circuits 
tuned to various odd harmonies. The circuit would, however, 
be extremely complicated and difficult to handle. 

The circuit of Figure 1 may be added to as shown in 
Figure 4, by the addition of the choke сой L; If [лд be 
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made very large it will maintain the current at a constant 
value regardless of any cyclic voltage change. If the grid 
excitation is such as to pass this constant current for one- 
half cycle thru each tube with low plate potential, the remaining 
drop must be absorbed by the inductance L4. Thus, with proper 
grid excitation, the voltage e, could vary in accordance with the 
full line of Figure 3. Figure 5 shows the various voltage rela- 


FIGURE 4 


tionships, e,, and e,, are the plate potentials of the two tubes 
while е,, 13 the average potential at the mid-point of Li. X 
is the average value of e,,, since there can be no constant 
difference of potential across an inductance such-as 1). The 
difference between e,, and e,, is the potential difference across 
L, and С, and is sinusoidal, since Lı and С, constitute a resonant 
circuit. With this arrangement the energy put into the circuit 
at times “а” is stored in L; and does not appear as tube loss. At 
points “с” and “b” it is passed on to the oscillating circuit with 
no loss of efficiency. 


FIGURE 5 
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The necessary condition to secure this highly efficient voltage 
relationship is that the tube control must not limit the current 
while current is flowing. The valve must be either wide open 
or entirely closed. Examination of the tube characteristic, 
Figure 6, shows that plate current and grid current are roughly 
proportional. A control system which will produce square blocks 
of grid current will then presumably produce square blocks of 
plate current at constant plate volts. Square blocks of grid 
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Figure 6—Characteristies of a UV-206 Radiotron with High Emission 


current сап be obtained by the arrangement shown in Figure 
т. Energy is supplied to the grid by coupling between / and Lo. 
The total grid current is kept constant by inductance La. 

This grid current naturally flows from that grid which is most 
positive at any instant, and since the total is constant, each grid 
receives current 1n square blocks as required. 

If Ls and Ly are not large enough to keep the total current 
constant in grid and plate circuits, there will be cyclic “ripple” 
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variations іп each of these circuits as shown іп Figure 8. As in 
Figure 5, X is the impressed potential while e,, is the potential 
of the mid point of L, and represents the counter emf. of the 
oscillator. At points “а” the counter-electromotive force is zero. 
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FIGURE 7 


FIGURE 8 


There is, therefore, nothing to prevent a rise in current except 
the inductance L}. The current will therefore be rising at the 
points “а.” То preserve the average, the counter emf. at times 
“b” and “е” is higher than the impressed potential X. The 
plate current 7, is, therefore, falling at “b” and “с.” 

By similar reasoning, e,, is the emf. at mid-point of Г», due to 
the rectifier action of the grids. Since this potential is depended 
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upon to make the grid current flow and since the potential is 
zero at points “а,” the grid current is falling at these points and 
rising at points “b” and “с.” The amplitude of the variations 
is dependent upon inductance L.. Тһе point of importance is 
that while $, is rising, 7, is falling, and vice versa. In Figure 9 
the tube losses for various values of grid voltage and plate cur- 
rent are shown. "The corresponding plate voltage and grid cur- 
rent are found from the characteristic of Figure 6 from which 
Figure 9 was derived. 

Suppose therequired plate current for a given loadto be 0.7 am- 
peres, then the most economical grid voltage is 520, and the plate 
voltage is about 750, and the grid current about 0.225. Тһе circuit 
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of Figure 7 would logically be designed so that these currents and 
voltages would be obtained. But if, for some reason, the cur- 
rents vary, as shown in Figure 8, the plate current rising to, say 
1 ampere, and the grid current falling to, say, 0.150, the plate 
potential must rise to nearly 1,200 volts, giving a loss of 1,275 
watts as compared with 630 under the correct conditions. 

On the corresponding down swing of plate current to 0.4 and 
up swing of grid current to 0.3, the loss falls to 270. The average 
loss is thus considerably higher if the values of L3 and L, are such 
as to permit a material change in plate and grid currents during 
the cycle. It is therefore important with this circuit to keep 
variations in both plate and grid currents to a minimum. 


With high frequency and high voltage, the design of induct- 
ances Ёз and Ls becomes increasingly difficult. For instance, if 
the power factor of the circuit L, C, is 10 percent, the energy cur- 
rent is one-tenth of the circulating current. The direct current 
is roughly equal to this energy current, so that if the current ripple 
in the plate circuit is not to exceed 10 percent of the direct current, 
then the ohmic impedance of L; must be 100 times Lı. The low- 
est frequency impressed upon L; is twice the fundamental, so that 
L; must be 50 Lı in henrys. At radio frequencies and with ap- 
paratus of reasonably small size, it is almost impossible to design 
the inductance L; so that its natural resonant frequency will be 
sufficiently above the frequency at which it is required to work. 
Such a circuit as that in Figure 7 is thus practically limited to a 
few hundreds of cycles. 

Where conditions are such that the circuit of Figure 7 can be 
used, it is very desirable because it combines high efficiency with 
high output. The test of suitability is to find what inductance 
L; must have to keep the ripple within satisfactory limits and 
then see if it is possible to build such an inductance. 

Rather than develop the design of the foregoing circuit in 
greater detail, а circuit suitable for a somewhat higher frequency 
will be described. The design of that circuit will include the work 
necessary to design such a circuit as that of Figure 7. Figure 10 
is the circuit in question. 

The arrangement in Figure 10 is precisely the same as that in 
Figure 7, except that Га and L, are magnetically coupled. Ву 
this means the voltages induced by the plate current ripple in Ls 
may be utilized to cause a grid current similar to the plate cur- 
rent to flow. The grid current ripple 7, in Figure 8 is thus shifted 
180? to the position shown dotted. In this way it is possible, even 
with a considerable ripple, to conform constantly to the conditions 
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of minimum tube loss as obtained from Figures 6 and 9. 

Із and Гл are either actually connected thru a capacity as C5, 
or the direct current power supply acts as such a condenser. If 
there should be no oscillations in С, Lı and Сз Ls, it is apparent 
that L; and Ls may function as the plate and grid inductances 
of an ordinary Hartley circuit, the capacity coupling of which 
is furnished by the capacities between the coils representing 
Іл and Ls and such other parts of the main oscillating circuits as 
are exposed to one another. This circuit may support parasitic 
oscillations in which the two tubes operate in parallel and the 
frequency is the natural frequency of the circuits for this con- 
dition. The remedy for such parasitic oscillations is to have the 
fundamental circuit the lower decrement circuit of the two. 
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FIGURE 10 


If this is not naturally the case, it may be made so by placing 
some resistance in series with C,. The stored energy in the 
parasitic circuit with good design is small and its decrement is 
therefore fairly high. Another cause which tends to produce 
parasitic currents in any circuit is insufficient emission, and this 
must also be avoided. 

The following sections of this paper are devoted to a discus- 
sion in detail of the design of the circuit Figure 10, with numerical 
example carried thru to illustrate how the various steps are taken. 


RATING or CIRCUIT 


The rating of a circuit of the double-tube, square-wave type 
is very casy to predetermine. A given type of tube will be able 
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safely to withstand the stresses caused bv a certain limiting direct 
voltage and the temperatures due to the passage of a certain 
current thru it for half of each cycle. The product of this voltage 
and current is the input from the direct current source. The 
losses occurring in the tubes are readily determined, and those 
occurring in the coil systems may be estimated. Hence the out- 
put rating 18 quickly obtained. 


DISTRIBUTION OF ENERGY THRUOUT CIRCUIT 


The ratio of the energy stored in an oscillating circuit to the en- 
ergy dissipated per cycle is = times the ratio of reactive volt-am- 
peres to watts. Hence, if it is desired to store twice as much en- 
ergy in a circuit as is dissipated per cycle, the volt-amperes must 
be 4z times the watts. This has been found to be a very good 
criterion for the lower limit in the design of simple oscillating 
circuits, and it is doubtful if it is wise to make any reduction here; 
for altho energy is now introduced into the circuit in two pulses 
per cycle instead of one, it is more essential that the voltages 
thruout the circuit hold to a definite shape, and this is accom- 
plished by utilizing the fairly pure sine wave obtained with 
moderate energy storage. 

The volt-amperes given by the relation just discussed is the 
total for the circuit. Part of this is in the primary circuit, part 
is in the secondary circuit, and part is held by the two circuits in 
common. Another way of stating this is to say that the volt- 
amperes in the two condensers represent the total energy, and 
their sum is equal to the sum of the volt-amperes in the two coils, 
due to their self inductances plus a term involving both currents 
and the mutual inductance. 

As the current required to commutate the grids is drawn from 
the condenser in the secondary circuit, it is obvious that this is 
one point in the circuit where it would be well to store an amount 
of energy quite large with respect to the local energy losses. 
Several circuits have been designed using 30-volt-amperes in the 
grid condenser for each watt lost at this point, and this seems to 
be a very good value. It certainly is generous, and at the same 
time does not ordinarily tie up too large a portion of the total 
energy. 


VOLTAGES IN PLATE AND GRID COILS 
The ratio of average to peak voltage for a double wave 


rectifier 15 е, The grid circuit is obviously an ordinary recti- 


7 
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fier, and the plate circuit is the same circuit reversed for the 
reception of energy at constant potential. 

Due to the action of the grid choke, the voltage applied to 
the grid resistance is the theoretical average voltage minus the 
voltage drop in the grids themselves. Similarly, the plate choke 
takes the alternating voltage in the plate coil and presents it to 
the direct voltage source of energy as a steady counter electro- 
motive force to be overcome. The input voltage must, of course, 
be equal to this counter emf., plus the plate drop. 

Let Е = plate drop under full load current. 

E,=grid drop under full load current. 

E,=alternating voltage across primary coil (r. m. s. 
value). 

Е, = alternating current across secondary coil (г. m. s. 
value). 

E, = voltage applied to grid leak resistance (r,). 

E.=voltage of constant potential source. 


Then, remembering that only one-half the voltage of either 
coil is used at a time, 


and E,= v2 Е.Е, (2) 


It will be observed that these values are not entirely exact, 
as commutation of current from one tube to the other does not 
occur instantly at the time of zero coil voltage and other slight 
variations occur, but the values obtained will be found to be of 
quite sufficient accuracy for all practical needs. 

The direct voltage of the supply source will, of course, be 
known, and this will determine E,. The values of E; and Е, are 
not fixed until some assumption is made regarding the time re- 
quired for the grid current to be transferred from one tube to 
the other. In general, this period will be short, but if it is made 
too short E, will be found to be so high as to cause unwarranted 
losses in the grid resistance. Тһе whole problem of commuta- 
tion of the grid currents is quite elaborate and will be discussed 
later. For the present it will be sufficient to assume that commu- 
tation occupies a time interval represented by an angle 0 to either 
side of the time when the voltage across the grid condenser is 
zero. See Figure 11. When commutation starts there is the 
drop E, in one grid and zero drop across the other. Тһе total 
voltage between grid terminals measured thru the grids is Е,. 
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At the same time, this voltage as measured thru the grid соп- 
denser or coil is 4/2 E; sin 0, and, as these two must be equal, 


E,=~/2E, sin 0 (3) 


As E, will be known from the tube characteristics, the value of 
Еу is determined when @ is assumed. As the volt-amperes in the 
primary and secondary condensers have already been determined, 
and the voltages are now known, the currents are easily obtained, 
thus giving the terminal conditions to be met by the plate and 
grid coils, which together form an air cored transformer. 


CALCULATION OF COUPLING BETWEEN PLATE AND GRID CIRCUITS 


As the terminal conditions of the plate and grid coils are 
known, and if the coefficient of coupling be assumed, it will be 
found that all voltages and currents thruout this part of the 
circuit may be readily calculated. Since the maximum possible 
coefficient of coupling of such a transformer can be estimated 
from its volt-ampere and voltage ratings with a fair degree of 
accuracy for a given type of construction after a little experience, 
this is the logical factor to use as a basis of calculation. A high 
coefficient of coupling is desirable, as it makes for easy energy 
interchange between the circuits and prevents any appreciable 
phase differences. (This latter point is more fully covered in 
another section.) A very high coefficient of coupling, however, 1s 
obtained only at the expense of the insulation between coils. 
In general, it is usually found that a coefficient of coupling 
between 0.35 and 0.50 will give satisfactory results. 

Proceeding to the method of calculation, let 


Р-П wL, be the wattless powerinthe primary, 
due to its own current and in- 
ductance. 

Р, = [201 be the wattless power in the second- 
ary, due to its own current and 
(4) 
inductance. 

C:=I,I.wM,_ be the wattless power which is held 
between the two circuits. 

Q:=1,7/wC, be the total primary volt-amperes. 

(0 = I: өС» Бе the total secondary volt amperes. 


Since the only real power transferred thru the coupling is 
that utilized inthe grids, and this is very small in comparison with 
the wattless volt-amperes involved, and since the coefficient of 
coupling is high, the primary and secondary currents may be as- 
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sumed to be in phase in calculating their magnitudes; which will 
also make the primary and secondary voltages in phase. 


rid Current of First Tube 
* 20 Grid Current of Second Tube 


T 
Point of Zero Voltage 


FicvnEÉ 11 


In order to fix the phase relationships definitely in mind, so 
as to avoid getting any term reversed in sign, let us refer to Fig- 
ure 12. Current enters the two coils at a, and a; in the same 


L2 
FiGureE 12 


phase, and let us assume that at some instant the current in Lı 
is developing its maximum effort to make a, positive with respect 
to bı. At the same instant let the current іп L: also be developing 
its maximum effort to the same end. Then both currents at the 
same instant are also exerting their peak effort to make az posi- 
tive with respect to be. Let these be the conditions assumed for 
positive values of Ри, P», C, and so on. Then 


P\+C=Q, (5) 
Р,+С = 0, (6) 
С? 
ә P,P3= kK (7) 


where K is the coefficient of coupling. This last equation is 
obtained as follows: 

M,=KV/L Ly (by definition) 

I, Iso М.=К\/ Г? olı . 12 о 1 
C=K VP, P: 
P, P= < 
Multiplying (5) by (6) | 
Р, С+Р. С+Р! Р, +С? = ©, Q: (8) 
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Substituting from (7) 


1 
Pi C+P:C+(1+ д) с:-010. (9) 
Multiplying (5) by C 
P, C=Q, C-C? (10) 
Multiplying (6) by C 
Р, С =0. C—C? (11) 


Substituting (10) and (11) in (9) 


(Qi 4- Q:) с+( д, -1) С?= 0, Q: 


(i1) ++ C-Q 9-0 


JL (99) САСТЫ Q (a) 


(=) 


Inspection of the original equations will show that P, and P? 
may now be readily determined, thus giving the values of Li, Le 
and М.. As С, and С; (primary and secondary capacities) and 
т, are easily derived from the results of the preceding paragraph, 
there remains only the load resistance, pass condenser for 7;, 
and inductance in the harmonic transformer to be determined. 

If the circuit is loaded as shown in Figure 13, it 1s only neces- 
sary in calculating r, to pick a resistance which will absorb the 
output power at the known current Л. 


(12) 
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Figure 13—Diagram of Square Wave Circuit showing Nomenclature 


The function of C, is to pass the small amount of alternating 
current which gets thru the harmonic transformer so that it does 
not have to go thru ту. The corresponding current which flows 
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to the power supply thru Z; will undoubtedly be short-circuited 
in this manner and it is desirable to have both paths of this 
same nature. Тһе value of С, is not critical; it must merely 
present a relatively low impedance to a double-frequency current 
of magnitude equal to a fraction of the grid current. The func- 
tion of r, in series with it is to discourage parasitic oscillations; 
its value is best found by trial. 


THE HARMONIC TRANSFORMER 

The function of the harmonic transformer 1з to pass the steady 
direct currents from the power source and grid leak resistance 
and to hold up the double frequency and its harmonic voltages 
which always appear wherever rectification takes place. Now 
it is impossible to do this without drawing some exciting current 
and it will be found that this exciting current must be quite large 
if bad internal tuning effects are to be avoided. If separate 
chokes are used in the two circuits the plate ripple will be in- 
creasing the plate current while the grid ripple will be decreasing 
the grid current. This is a condition giving bad additional losses 
in the tubes which could be reduced almost to zero if the two 
currents rose and fell together. This latter state may be obtained 
by coupling the two chokes together into a transformer and mak- 
ing the plate ripple current drive the grid current ripple in the 
right phase relation. 

Before advancing any further, it is well to see what the mag- 
nitudes of the voltages are which it is proposed to hold back. 
The fundamental component of the ripple (that is the double 
output frequency component) for double wave rectifiers is = 
times the voltage across the outer terminals of the alternating 
current winding. Hence, neglecting all other components, and 
designating by E; and E; the voltages across L; and Ly (see Figure 
13), 

2 2 
Ез = ac E, and Ег= — Е, (13) 
Зл Зя 
As a further approximation assume that all the impedance рге- 
sented to these voltages is that located in the harmonic trans- 
former. The ripple currents will be taken as a certain percent of 
the direct currents. Their relative magnitude will depend on 
the particular circuit used. Some circuits due to relatively high 
direct currents and low voltages can be run with smaller ripples 
than others. The limit occurs due to internal resonance of the 
coils. 
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We now have а transformer with given terminal conditions 
to be met, and the solution is the same as for the transformer іп 
the oscillating circuit. Upon examination of the relative polar- 
ities of the voltages and currents, however, it is discovered if the 
previous nomenclature is held to, that the actual numerical value 
of the voltage applied to L4 will be negative, whereas, before, 
everything had a positive numerical value. This has ап impor- 
tant practical bearing on the problem as it puts a limit on the 
coefficient of coupling. 

Let X3=reactance of coil L}. 
X;,-reactance of coil Lu. 
X y= mutual reactance. 
I3;=alternating current thru Ls. 
I,=alternating current thru Li. 


Then 
1Х3-НІ.Хм-Е; (14) 
L.Xyt+hX y= E; (15) 
2 


Multiplying (14) and (15) together and substituting from (16): 
LX Хы tle XXIX (1+ p.) = EE. (17) 
Multiplying (14) by 1; Хи and transposing 


Із? Хз X u= E313 Xy — ISI. Хм? (18) 
Multiplying (15) by Г. Хи and transposing 
12Х,Хм=Е,1,Хм—131,Хм? (19) 


Substituting (18) апа (19) in (17) 
I; 1, (4-1) X м?-Е (Е; 13+ ЕЁ Г.) Хи-ЁЕЕ.=0 (20) 


From which 


—(Bsls Ed) e [Us Lt E 1) EAE, вл. (2. 


21,1; (%- A) 
In order that Ху may be a real number 


(E; 15+ E)? — CABE I (s - 1) 


tu- m 


Еҙ1;--Е421,2--2 Е)Е,1;І,>--4 Ез Е: [314 & -1) 


Ez? HE} I2 —2 E; E4 I; l> — айы ы 
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Now the left-hand side is the square of a real number and 
hence positive. Also K? must be positive. Hence: 


е _ — 4 Ез Е,1.1. 
Ез? I} +E: 1—2 E; Е4 [3 [4 

The limits оп К are now known. If it is impossible or im- 
practicable to build a set of coils having a coefficient of coupling 
within these values, it will be necessary to give new values to 
some of the assumed constants on which the circuit as been cal- 
culated. Changing the assumed ripples in the plate and grid 
currents will change only the actual values of Хз, Хі, and Хм, 
leaving their relative values unchanged. This is not apt to give 
any relief in the situation and earlier assumptions must be 
scrutinized, and of these the only ones which can be changed to 
advantage are those affecting the voltage in the grid circuit, for 
if this can be lowered, the requirements imposed on the harmonic 
transformer will be easier to meet as will be seen by examination 
of equation (22). As soon as a practical value of К is determined 
upon, the values of Хм, Хз, and X, follow from equations (21), 
(14), and (15), taking them in the order named. 


K?> 


(22) 


COMMUTATION OF GRID CURRENTS 


Among the assumptions which were made earlier in this 
article was one to the effect that transfer of grid currents would 
be accomplished as tho this transfer had no effect on the voltage 
which would otherwise exist in the secondary circuit. It is 
now proposed to examine into the truth of this assumption. It 
is not practical to go very far into the investigation, however, 
so it will merely be assumed that during a short period of com- 
mutation, the current in the secondary coil remains constant, 
which will be very nearly the case, and the first assumption 
verified on this basis. 

1, = maximum of current flowing thru inductance L: and 
assume a constant current of this value to flow thru L, during 
commutation. (This is in addition to the direct components of 
the grid currents.) 

1 = сиггепё іп grid from which current is being transferred. 

12 = current in grid to which current is being transferred. 

1, =steady value of grid current during the active part of the 
cycle. (This assumes complete smoothing by the harmonic 
transformer.) 

r=resistance of two grids Іп series 

Then it can be shown that 
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апа —Ó +% (1467r) (24) 


By setting % equal to т it is possible to calculate the time at 
which transfer is completed, and in the usual case no appre- 
ciable difference is shown between this value and that given by 
the first assumption. 


LOSSES IN TUBES. DURING COMMUTATION 


The loss in the plate circuit during commutation may be 
unduly increased by using too large a lap angle. This is a matter 
which probably cannot be calculated accurately, because of the 
lack of exact knowledge of many things which happen in an ex- 
tremely short interval of time, but, if certain reasonable assump- 
tions are made, at least the order of magnitude of the additional 
losses may be estimated. First let it be assumed that there is 
no phase displacement between the grid excitation and the plate 
voltage under which conditions commutation is effected by the 
grids. Then at the start and finish of the period of commuta- 
tion, the tube which is carrying the load current should have only 
the voltage drop across it actually required to pass the current. 
The other tube will have the remainder of the voltage of the 
primary circuit impressed upon it. While it is extremely difficult 
to say exactly how the voltage will divide between the tubes 
during commutation the most likely division will be of the nature 


shown in Figure 14. 
Tt 
| 


Eo-Ep 


| "Voltage (e) 
| \ Current (i) 


FIGURE 14 


Let Е, be the voltage in the primary circuit at either end of 
the period of commutation. 
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Е, be the steady plate drop while either tube is carrying all 
the load current. 

e be the instantaneous voltage across the tube into which the 
current is being commutated. 

1 be the instantaneous current thru the same tube. 

Then assume that 


И: 
і- ті 
2 (s.n) P 
| e= (ЕЕ) п t for 0<1<5 
and _ E, T 
e= p! for 2 <t<T 


Measuring ¢ in degrees and calling the losses in both tubes W, 


‚_ 4 f(E,—Ej)I (т (авт, 
Wi- aol T ЕС T: | tdt 


IT 
= 2.160 LE E 

Now let И = watts lost іп one tube during time 2 T if it car- 
ried the steady current 1. Then 


27521 
Ра- 360 XIXE, 
When W,= И, there аге no additional losses due to commu- 
tation 


2b, Е,47Е, 
360 2,160 
or Е=5 Ер 


and if E,«5 E, it is unlikely that there will be any serious losses 
due to the commutation even tho our assumptions may not be 
obtained in practice. 


Vector DIAGRAM OF CIRCUIT 


Up to this point the phase displacement between the grid 
excitation and plate voltage has been assumed to be zero. While 
it is usually very small it is often desirable to know its value. 
This can be determined by referring to Figure 15. The subcripts 
refer to the different parts of the circuit shown in Figure 13. 
The root-mean-square components of plate and grid currents are 
designated J, and 1,. 


Starting with Г,, we know that Е» leads it by 90°+ 4, in order 
that this coil may be a source of power for the secondary. [сг 
leads E; by 90° and I, must have such a value that the vector 
sum of Iz,, Ic, and I, is zero. ŒE consists of the voltage induced 
іп L: by its own current (Jz, Xr,), the voltage induced in L: by 
the primary current (Jz, Хм.), and the resistance drop in Lz. 


EN 
Due to resistance 


of Coil L2 


F~ ; 
p Due to resistance 
С of Coil Ц 


b  —  — eee — 


FicvnE 15—Vector Diagram of Circuit shown in Figure 13 


In the primary circuit we have its own current ГІ, and the vol- 
tage induced in the primary coil by the secondary current 
(IL, Хм). Adding to the latter the voltage induced in the 
primary coil by its own current (Iz, Xz,) and the resistance drop 
in the same coil gives Ei, the primary voltage. J, must then be 
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180? out of phase with Е, т order to represent input to the circuit 
апа Jc, must combine with Iz, and Г, to give a vector sum of zero. 
Let Q, = total primary reactive volt-amperes. 
Qs = total secondary reactive volt-amperes. 
C = reactive volt-amperes common to both circuits. 
P,- watts lost in grids. 
Then if the resistance of the coils themselves be neglected 


NEWEST 
9, = tan О, | 
6,=tan™ e (25) 
0,—tan^! = 


and the angle ¢ by which the grid excitation leads the plate volt- 


age is given by 
$ — 04-0; — 0; (26) 


PRODUCTION OF LEAD ANGLE 

In circuits using soft tubes, that is tubes which have control 
only to the extent that current flow may be held back if once 
stopped by external sources, it is.necessary that the grid excita- 
tion shall lead the plate voltage in phase by such an amount that 
commutation is completed before the point of reversal of the 
commutating voltage is reached. This may be accomplished 
by placing a condenser in each plate lead bridged by a choke 
of high inductance to pass the direct component of plate 
current. 

The displacement of voltages produced by such a device may 
be seen by referring to Figure 16. Тһе tubes are here represented 
as a source of alternating current power feeding the oscillating 
circuit which, being tuned, may be represented as a pure re- 
sistance. The circuit is completed by the two phasing con- 
densers. That part consisting of the oscillating circuit and phas- 
ing condensers is so drawn that the lengths and directions of the 
different impedances are representative of the voltages across the 
parts. 

The grid voltage will be practically in phase with the voltage 
across the oscillating circuit; and any difference may be calcu- 
lated by the method just shown. Hence the difference in phase 
between grid excitation and plate voltage is known as soon as the 
impedances are known; or, if the effective resistance of the oscil- 
lating circuit is known, the size of the condensers required to 
produce a given phase displacement may be calculated. Since 
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the voltage across the oscillating circuit and the power output 
are known, its effective resistance is readily calculated. 


Ф 
о) vo s 
Сх 


Plate Voltage 


мул AMA 
FIGURE 16 


EXAMPLE ILLUSTRATING METHOD OF CALCULATION 


The circuit to be calculated is to use two General Electric 
Company 50-watt tubes having "XL" filaments and is to draw 
500 milliamperes from a 1,000 volt direct current source for input. 
The frequency is to be 12,000 cycles. Investigation of the tubes 
show that they will pass 500 milliamperes plate current with a 
plate drop of about 165 volts, а grid drop of about 125 volts, and 
a grid current of 85 millamperes. This gives: 


Applied voltage (Ес) = 1,000 V. 
Plate drop under full load current (E) = 165 У. 
Grid drop under full load current (Ез) = 125 У. 
Input current (Г) =500 ma. 
Grid current (10) == 85 ша. 
Input = 500 watts 


Assuming 80 percent efficiency, the output will be 400 watts, 
and as the reactive power is to be 4 7 times the watts, there will 
be 5,000 volt-amperes in both circuits. 

From equation (1) the voltage in the primary circuit (Ei) is 


П 
Е = №2 (Е.--Е,) 
- 7 (1,000--165) = 1,850 volts (r.m.s.) 


Let it be assumed that 10° will be sufficient time for commu- 
tation in the grid circuit. Then the r.m.s. voltage in the second- 
ary circuit (Е) is given by equation (3) 

Е, 125 
Е, = е и 1,015 volts (r.m.s.) 
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and the voltage across the grid resistance (Е,) is given by equation 


(2). 


4/2 


14 


Х1,015--125--333 volts. 


At 85 ma., this represents 28 watts loss, and the impedance 
of the grid resistance is 


ғат Е = 3,920) ohms. 


If it is assumed that 2,000 volt-amperes out of the total 
of 5,000 will be in the secondary circuit, the losses in the second- 
ary circuit will be 


Loss in grids 2x 125 K 0.085 =21 watts 
Loss in circuit due to resistance (at 1 percent 
power factor) — 20 watts 
Loss in rg = 28 watts 
Total loss in secondary circuit = 69 watts 


This gives thirty volt-amperes in the secondary circuit for 
every watt lost, which appears to be a good value. 
We сап now show that commutation will occur in substan- 


tially the 10° assumed. This may be accomplished by the use 
of equation (23). 


ip=V/2X же -- 2.79 amperes 
1 E. 1015 
2-fe 1. 0.707 x2.79 
from which С.=2.57 X 107° microfarad 
„_ 2» _2X125 
I, 0.085 
Substituting in equation (23) for the finish of transfer. 


/ 1 ( _ t 
== o ‚Ё 1— "С; 
19 ( + ] Е 


t 
0.085 = (2.79 +0.043) (ке) 


= 2,9040 ohms. 


from which a = 0.0304 
rt о 
{= 0.0304 r С. =0.0304Х2,940Ж2.57 X 1078 
= 2.295107" second 


12,000 cycles = 4.32 x 10" degrees ‘second. 
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Therefore, the period of transfer covers 
2.295 x 4.32 =9.9° 


It has already been decided to divide the reactive power in 
the circuit so that there are 3,000 volt-amperes in the primary 
(Qı) and 2,000 volt-amperes in the secondary (Q2). Hence if the 
coefficient of coupling between primary and secondary (K) be 
assumed, the value of the reactive power common to both cir- 
cuits (C) may be obtained from equation (12). 


_ —(Q. 4- Q:) + (Qr 0) +40, o (i1) 


i 1 
"(кезу 
and if К =0.50, then (5—1) =3, and 
с = 779,000 + -/5,000?+ 4 X 3,000 x 2,000 Х3 


2x3 
= +808 or —2,475; and the positive value is the one desired 
in this case. 
Since P, the loss due to the grids is 69 watts, the phase dis- 
placement between grid and plate voltages may be calculated by 
equations (25) and (26). 


- .1 69 
A -— 1 g = 1 9° 
17 ап О, {а 2.000 
140 —] 69 о , 
= — = = 2 
0, — tan д, ta 3,000 1°20 
С 2, _1 69 
= 14 g ыы 1 — до , 
0, = tan С tan 308 4°55 


}=6:+ 06; — 0 = — (1° 35’) 


CALCULATION OF CONSTANTS OF MAIN OSCILLATING CIRCUIT 


E,, the primary voltage, has been shown to be 1,850 volts 
r.m.s. 

E», the secondary voltage, has been shown to be 1,015 volts 
r.m.s. Since there аге 3,000 volt-amperes in the primary, the 
current is 
j, 3000 _ 3,000 

E, 1,850 
and since there are 2,000 volt-amperes in the secondary, the 
current here is 


= 1,622 ampere r.m.s., 


Г, = Е D = 1.07 ampere т.т.в. 


E; 1,015 
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There аге 808 volt-amperes common to both circuits о! 
w М.Г! І, = 808 
0 = 75,400 for 12,000 cycles, hence 
808 
o Mo= 622x197 
253 
75,400 
The volt-amperes in the primary coil due to its self inductance 
are w Тл 1,2 = 3,000—808 = 2,192 
2,192 _ 
и [п = (1.622): = 833 ohms. 
833 T 
Іл = 75,400 = 11.04 milli-henrys. 
The volt-amperes in the secondary coil due to its self-induc- 
tance are 


= 253 ohms 


М, = = 3.36 milli-henrys. 


«12157 = 2,000 — 808 = 1,192 


1192 _ 
(1.97): ^ 907 ohms 


(U Le = 
- _307_ 

75,400 
The volt-amperes in the primary capacity are 


Le =4.08 milli-henrys. 


1 3,000 _ 
2 Ci = (1.622)? = 1,140 оһтз. 
C,=0.01163 microfarad. 


The volt-amperes in the secondary capacity are 


1 _ 2,000 
wC: (1.97)? 
С:--0.0257 microfarard. 
The voltages across the harmonic transformer are given by 
equations (13). 


= 516 ohms. 


Ез = 2 Е, = 2 1.850394 2018 т.т. 


дл 3л 

= 557 volts (peak) 

Е; = 2 = Ез х 1,015 = 215 volts r.m.s. 
Зл Зл 

= 306 volts (peak) 


and this latter will be negative in sign under the assumed system 
of nomenclature. 

Let it be assumed that these voltages cause ripple currents to 
flow (I; and Г,) which have peaks equal to 20 percent of the direct 
currents. Hence 
І-0.2Х1-0.2Х0.5-0.1 ampere (peak) =0.0707 ampere r.m.s. 


[4=0.2 Же, = 0.2 X 0.085 = 0.017 ampere (peak) =0.012 ampere 
r.m.s. 


Using equation (22) to find the minimum possible coupling gives 


--4 
aay ЕП. 

Е.І. Fils 
ес 
394 х.0707 215.012 
215.012 394.0707 


К?> 0.313. 


This gives а value of 0.56 as the minimum for К, and substi- 
tuting this value in equation (21) gives 


— (E Ii EI) + (ҺЕ А,Б, | KE) 
Хм= 


1 
21.1, (1) 


_ —(394X0.0707—215X0.012) +0 — 
7^2x0.0707x0.012x(3.19—1) ^ 989 ohms. 


Knowing X м, the values of X; and Xi, the reactances of coils 
L; and Ly, are obtained from equations (14) and (15) 
X; E Еҙ-І, Хм 
I; 


. 3944+0.012 X6,780 _ 
= 0.0707 = 6,720 ohms. 
х.= Е [Хм 
14 
—215+0.0707 X 6,780 


At 24,000 cycles (150,800 radians/seconds) these impedances 
give 


K?> 


Mr = —45 milli-henr ys 
L = 44.6 milli-henr ys 
L,—145.3 milli-henrys 
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EXPERIMENTAL PERFORMANCE OF SMALL CIRCUIT 


In order to show the probable variations between actual per- 
formance and performance as calculated, the circuit which has 
just been analyzed was set up in the laboratory. The tubes had 
been selected and tested before the calculations were started, and 
the actual and calculated values of the other parts of the circuit 
are given in Table I. 


TABLE I 


12,000 ~SquareE Wave Circuit Usine 2-50 Warr “XL” 
FILAMENT TUBES 


Part Calculated Value Actual Value Resistance 


С, | 0.01163 mfd. 0.012 mfd. 
Са | 0.0257 mfd. 0.026 mfd. 
С, 2.0 mfd. 
Li 11.04 milli-henrys 11.2 mh. 
In 4.08 milli-henrys 4.0 mh. 
Із 44.6 milli-henrys 44.67 

Га 145.8 milli-henrys | 146.6 

М, | +3.36 milli-henrys | +3.43 

Мт | -45 milli-henrys |-44.9 


4,100 ohms 
500 ohms 


The harmonic transformer tuned with its internal capacity 
plus the capacity between the primary and secondary coils of the 
oscillating circuit at about 78,000 cycles. 

The performance of the circuit is shown in Figure 17. The 
output as measured along the axis of abscissas is the actual 
useful output in the resistance r,. Now the calculations were 
based on 500 watts input, and from the experimental curves this 
corresponds to 329 watts output. Drawing a vertical line thru 
this value, and inserting on it the calculated values for the differ- 
ent currents and the tube losses shows that the performance is 
practically as calculated. 

Research Laboratory, 
General Electric Company, 
Schenectady, New York. 
August 21, 1923. 
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and this latter will be negative in sign under the assumed 
of nomenclature. 

Let it be assumed that these voltages cause ripple cu: 
flow (J; and I4) which have peaks equal to 20 percent of : 
currents. Hence 
I3=0.2 I =0.2X0.5=0.1 ampere (peak) 20.0707 ат: 


I4=0.2 Xt, = 0.2 X 0.085 = 0.017 ampere (peak) -0.0 


т.т.$. 
Using equation (22) to find the minimum possible со 
—4 
2 ee лантты ы 
АРЕ, E. 
Е414 EI 
—4 
К?> 


| 394Х.0707 _ 215x.012 . 
215хХ.012 394x.0707 ` 
K*» 0.313. 


This gives а value of 0.56 as the minimum f: 
tuting this value in equation (21) gives 


— (Е 1, + E, 14) + Te] Ea | 


21.1, (1) 


_ —(394 X0.0707—215X0.012) +0 _ 
2x0.0707x0.012x(3.19—1) | 
Knowing X y, the values of X; and X,, ! 
Із and Ly, are obtained from equations (14: 
X3= E;—I, Хм 
1; 
_ 394+0.012х6,780 
0.0707 


Хм= 


=6,7 


_ 215 +0 0707 X6,780 | 
At 24,000 cycle: 


give 
Л 
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are not included in output) 


Percent 


Pt IN, TT fT 
Pi TAL] TT 
PTT IN TTT 


120} 24 
еккіш 
Е T 
100| 20! ERI 


0 
> 80 ae Calculated Values 
2 Are Indicated By 
3 б Double Circles and Arrow 
4 9 > 
= 60] $ 12 BREF 
26042 меваи 
Е CLEELIES 
? < Ba 
240 0.8 
Ф 
ә 
5 


SERIEN © 
ER а = === ЕРЕ = сые шем 
217 = || ary Loss (Watts) +4 


Da a НЕ 
Е I HEEEEHHE EHE À 


100 150 200 250 500 550 400 
Output (Watts) 


Figure 17—Performance of а Square-Wave Circuit with Constants given in 
Table I at 1,000 volts direct potential 


SUMMARY: A modified push-pull circuit is described in which approxi- 
mately square waves of current are passed thru the two tubes alternately. 
High efficiency is obtained by superimposing upon the grid circuit a voltage 
proportional to current variations in the plate circuit. The circuit gives high 
output combined with high efficiency without shortening the life of the tubes. 
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DiscussioN* ON 


“ОМ THE CALCULATION OF THE INDUCTANCES AND 
CAPACITIES FOR A MULTI-RANGE . . . SERIES OF 
TUNED CIRCUITS . . . "—Bx J. ERSKINE Murray 


Bv 
Клірн R. BATCHER 


Referring to the paper from J. Erskine-Murray in the August, 
1924, issue, “Оп the Calculation of the Inductances and Capaci- 
ties for a Multi-Range or Other Consecutive Series of Tuned 
Transmitting or Receiving Circuits, the Total Range and Accu- 
racy Required Being Given," the writer has devised another 
method which has proven of practical value for several years, 
and which seems considerably simpler than the method outlined. 

Since many of the present-day circuits require the design of a 
multi-range oscillating circuit which includes the antenna capac- 
ity and inductance, this problem will be considered first. 

The first case will be that of a circuit tuned with a variable 
condenser having à maximum and minimum capacity of Cmar 
and Ст», respectively. 

The capacity of the antenna is designated Ca, and the maxi- 
mum and minimum wave lengths by 4,4. and Аһ. 


uos 
ge 
Cus 
B Ca 
À 
Tz mar 
A mih 


All of these values are generally known at the start, except 
possibly S. In many cases the receiver is supposed to work with 
a number of aerials, in which case the writer generally uses the 
value S —4, which is the practical limit. 

The total number of taps on the inductance necessary can 
then be computed from the formula: 

log T 
"= N R+S 
ТІЛІК 
i 1+5 
*Received by the Editor, August 23, 1924. 
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where the factor 0.90 insures а 10 percent overlap. Тһе deriva- 
tion is not difficult, but will not be given here. 

Having determined the number of taps (N) required, the 
location of each is given from the formula: 


The last tap = Total inductance = L (max.) 
Next to the last tap = L,,,7 x 

Second from last =Lmoz:+2? 

Third from last = Lna t T 

nth from last = L mar ™ T” 


The value for L,,,. can be determined from 


=j — 1+8 _ 

3,552 C max 

In some cases in computing the two lowest taps, it may be 
desirable to consider the inductance of the aerial. In most cases 
sufficient accuracy will be obtained if the equivalent concentrated 
inductance of the aerial is subtracted from the values of induct- 
ance obtained by the above formulas. А number of cases have 
been solved using а more exact formula, but the additional accu- 
тасу obtained rarely warranted the extra amount of work. Тһе 
simpler case, of where the antenna is not included in the oscil- 
lating circuit, corresponding to the problem considered by Mr. 
Erskine-Murray, is solved in a similar mànner. 

Such & circuit might, for example, be а secondary circuit of 
which the above coil is the primary or a wavemeter. Naturally 
the same wave length bands must be covered. 


Le _ Мо 
М is the ratio of maximum condenser capacities of each circuit, 
that is, 


` Las 


Then 


where 


_ Cri 
ч Е Сш 
The number of taps is given by the formula 
МЕ - , D41 
log 0.90 D41 


and the locations of the taps are determined in the same way 
described except that now 


1 = 0.904 [5 =. 


where Е is the condenser capacity ratio as before, апа D is the 
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ratio of the minimum capacity of the condenser to the distributed 
capacity of the attached circuit, such as that due to leads, coils, 
vacuum tubes, and so on. 

Using this method for locating the taps, the wave lengths will 
only be found in one location (except at the ends) and the mini- 
mum number of taps possible is used, so that tuning 18 much 
easier. In the broadcast receiver field, it may be mentioned, the 
use of the “straight line frequency" condenser simplifies tuning 
to & remarkable degree since all frequency bands are separated 
by ап equal amount of dial displacement. Тһе accuracy of tun- 
ing, outlined by Mr. Erskine-Murray, is constant over the whole 
range. 

August 8, 1924. 
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DIGESTS ОЕ UNITED STATES PATENTS RELATING ТО 
RADIO TELEGRAPHY AND TELEPHON Y* 
IssuED JUNE 24, 1924— AvcvsTm 19, 1924 


By 
JOHN В. BRADY 


(PATENT LAwvER, Ouray BvirpiNc, WASHINGTON, D. C.) 


1,505,055—A. R. Molins, filed Мау 19, 1922, issued August 12, 
1924. 


NUMBER 1,505,055— Secret System for Radio Telegraphy 


SECRET SYSTEM FOR Rapio TELEGRAPHY, wherein a tuning 
fork is provided at both the transmitting and receiving stations 
and arranged to vibrate in synchronism to close sets of contacts 
connected in different circuits whereby one series of signals may 
be radiated between the spaces of another series of signals. The 
messages are therefore transmitted in mixed relation and sepa- 
rated by а synchronized device at the distant receiving station. 


The following patent of interest issued in 1922 has been added 


to this digest: 


1,438,828—H. W. Houck, filed Mareh 29, 1920, issued December 
12, 1922. 

METHOD AND APPARATUS FOR SELECTIVELY TRANSFERRING 
ELECTRICAL OSCILLATORY ENERGY, of any frequency or fre- 
quencies lying within a continuous band of frequencies from one 
electrical system to another. This patent shows an electron tube 


*HReceived by the Editor, September 12, 1994. Readers will note that the 
first patent, 1,505,055, was issued August 12, 1924, and inadvertently omitted 
from an earher digest. 
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amplifier in which the input and output circuits of the several 
tubes are coupled by means of a series of oscillatory circuits 
tuned to different frequencies. Each circuit is resonant to a dif- 
ferent frequency so that the circuit has a highly efficient collective 
range of resonance which includes the band of frequencies. 


z i sj 
lt p = 


— 66 
NuMBER 1,438,828— Method and Apparatus for Selectively Transferring 
^ Electrical Oscillatory Energy 


1,498,536-5. М. Baruch, filed August 2, 1920, issued June 24, 
1924. 


APPARATUS FOR PRODUCING ELECTRICAL OSCILLATIONS com- 
prising an arc generator where the electrodes are disposed on a 
horizontal plane between a vertically disposed magnetic field 
arranged to produce a field transversely of the arc. The 
lower magnetic pole is provided with a cup-shaped extension 
which carries a quantity of mercury for the production of a 
mercury vapor in the arc chamber. 


1,498,898—A. L. Young, filed July 25, 1922, issued June 24, 1924. 


SPREADER FOR ELECTRICAL WIRES formed in a cage type of 
antenna. A circular spreader is provided for spacing the antenna 
wires of a cage antenna in a cylindrical frame-like body. A de- 
tachable binding wire is passed around the circular spreader and 
is drawn taut to secure the wires with reference to the spreader 


1,499,310—J. Bethenod, filed August 2, 1921, issued June 24, 
1924. 

CALLING SYSTEM FOR HRapnio SIGNALING, where а thermo- 
electric element is connected to the receiving circuit and heated 
by the incoming signaling energy to generate a direct current for 
operating a ballistic galvanometer. The galvanometer has con- 
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siderable inertia and is unresponsive to short impulses. In order 
to operate the calling device, an extended signal is transmitted 
over such a period of time that the thermo-electric element be- 
comes sufficiently heated to produce the necessary continuous 
energy for operating the galvanometer, which in turn closes the 
local calling circuit. 


1,499,331— M. C. Batsel, filed December 11, 1922, issued July 1, 
1924. Assigned to Westinghouse Electric апа Manufactur- 
ing Company of Pittsburgh, Pennsylvania. 


Ranro RECEIVING Сіксілт employing the feed-back principle 
where the input and output circuits of an electron tube each are 
provided with variable inductors for providing the feed-back 
coupling there between. Additional inductance is provided in 
each of the circuits for establishing such additional feed-back 
coupling that the degree of regeneration is substantially independ- 
ent of all adjustments of the inductor in the input circuit of the 
tube. The circuit arrangement provides а compact radio re- 
ceiving set. 


1,499,403—W. H. Priess, filed December 5, 1924, issued July 1, 
1924. Assigned, Wireless Specialty Apparatus Company, 
Boston, Massachusetts. 

ELECTRICAL CONDENSER for high power operation having a 
plurality of stacks of sheets carried within a metallic casing by 
which the stacks are connected in series. The opposite terminals 
for the condenser extend thru the metallic casing and are well 
insulated therefrom. 


1,499,404— William Н. Priess, filed December 5, 1921, issued 
July 1, 1924. Assigned, Wireless Specialty Apparatus Com- 
pany, Boston, Massachusetts. 

ELECTRICAL CONDENSER for use in radio transmission wherein 
maximum heat radiation from a plurality of stacks may be 
secured so that the mica diclectric may be operated at a desirable 
point on its phase angle temperature curve. To allow for rapid 
heat conduction and radiation the condenser is arranged in a 
plurality of relatively short stacks and maintained under pres- 
sure between heat radiating plates. 


1,499, 865—H. E. Hallborg, filed September 1, 1923, issued July 1, 
1924. 


Нісн SPEED SIGNALING SysTEM, wherein a plurality of sets 
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of keys are employed with an armature for actuating each of the 
keys with negligible electrical time lag. А plurality of opening 
coils and a plurality of closing coils are arranged to actuate each 
of the armatures. Тһе electrical inertia of the control circuit 
which connects the opening and closing coils is extremely small, 
permitting high speed operation of the key. 


BUP Lv 
NUMBER 1,499,865—High Speed Signaling System 


1,500,476—F. K. Vreeland, filed July 28, 1920, issued July 8, 
1924. 


INTERFERENCE PREVENTION IN Rapio RECEPTION, having a 
pair of energy-collecting systems electrically coupled one with 
the other. The system is tuned to the desired signaling frequency 
and then another current of interfering frequency whose effect 
on the receiving system is opposite to any interfering effect which 
may be present when the signal is produced. These opposite 
effects are balanced in intensity and phase so that the resultant 
effect on the receiver is nil. This balancing of the interfering 
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signals is accomplished without perceptible reduction in the 
signal strength of the energy desired to be received. 


1,500,528—F. F. Rathbun, filed July 7, 1922, issued July 8, 
1924. 


VARIABLE PLATE ELECTRIC CONDENSER having cast-in sta- 
tionary and movable plates for facilitating the protection of the 
instrument. The stationary plates are supported at three points 
about the periphery thereof by cast-metal poured into slotted 
tubular members. The movable plates are similarly supported 
by a slotted tubular member in which molten metal is poured over 
the plates. 


1,501,104—L. Epenschied, filed September 26, 1919, issued July 
15, 1924. Assigned to American Telephone and Telegraph 
Company, of New York. 


MULTIPLEX Влого System, having a plurality of transmitting 
channels and a corresponding number of receiving channels. 
Different frequencies are superposed on the different channels, 
and the effect of these frequencies one upon the other is substan- 
tially eliminated by circuits provided in the different channels. 


1,501,132-Р. В. Murphy, filed Мау 4, 1921, issued July 15, 
1924. Assigned to Western Electric Company, of New York. 


SIGNALING SYSTEM employing a carrier wave having an alter- 
nate frequency source for modulating the radio frequency wave. 
According to this invention, at the transmitting station two oscil- 
lation generators each designed to supply a current of pre-de- 
termined frequency are alternately paralyzed at a lower fre- 
quency by a control oscillator, and at the receiving station the 
signal translating device is supplied with impulses alternating at 
double the frequency of the control oscillator. The several fre- 
quencies are employed at the receiver for controlling the receiving 
device. 


1,501,240—K. Rottgardt, filed August 26, 1921, issued July 15, 
1924. 


MANUFACTURE AND OPERATION OF VACUUM TUBES, where the 
electrodes are freed of occluded gases by heating the elements to 
incandescence and introducing a hydrocarbon vapor into the 
tube and then evacuating the tube. In this manner the highest 
possible vacuum is secured and the last remnants of gas are re- 
moved from the metal. 
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NUMBER 1,501,132—Signaling System 


1,501,402—G. Jacobs, filed September 22, 1922, issued July 15, 
1924. 

VARIABLE CONDENSER, having a broad adjustment member 
and a fine adjustment member where the rotary plates are set 
in a tubular insulator having circumferential slots and grooves 
therein. The stationary plates project into the grooves and the 
rotary plates may be inter-leaved between the stationary plates. 


1,501,543—L. А. Hammarlund, filed November 28, 1922, issued 
July 15, 1924. Assigned to Hammarlund Manufacturing 
Company, of New York. 

VARIABLE CONDENSER, having broad adjustment and fine 
adjustment means consisting of a rock shaft on which the mova- 
ble plates are mounted and a swinging arm operated by a cam 
for frictionally engaging the rock shaft and moving the same 
through small angles. The rotary plates are inter-leaved be- 
tween the stationary plates and the relative position changed 
both by means of the rock shaft and the secondary swinging arm. 
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1,501,664—A. Hund, filed September 18, 1924, issued July 15, 
1924. Assigned to General Electric Company, of New York. 
RaDio SIGNALING SYSTEM for telephone transmission where 
modulation is secured by means of an electron tube circuit con- 
nected across points in an inductance series connected in the 
antenna. Тһе electron tube circuit is controlled by a telephone 
transmitter for varying the amplitude of the transmitted signals. 


1,501,683—A. А. Oswald, filed December 6, 1920, issued July 15, 
1924. Assigned to Western Electric Company, of New York. 
REMOTE CONTROL SvsTEM, having a tramsmitting device 
arranged to transmit impulses at timed intervals and a receiving 
device arranged to respond only to impulses received, at definite 
instants and of a duration between two fixed limits. "The system 
is substantially secret whereby a particular control may be 
locked at a receiver upon the transmission of a definite signal. 


1,501,684—A. A. Oswald, filed December 7, 1920, issued July 15, 
1924. Assigned to Western Electric Company, of New York. 
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NUMBER 1,501,684—Remote Control System 


REMOTE CONTROL SYsTEM, wherein a rotary distributor at 
both a radio transmitter and receiver are maintained in syn- 
chronism by synchronizing impulses sent out from the trans- 
mitting station. A circuit arrangement is provided which pre- 
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vents operation of the controlled devices except when the 
moving mechanism is in synchronism. 


1,501,711—R. A. Heising, filed September 29, 1919, issued July 
15, 1924. Assigned to Western Electric Company. 


TUN 
yan Ta ГЕТЕ Го, 


NUMBER 1,501,711—Distant Control System 


DisTANT CONTROL SYSTEM, in which a group of oscillations 
is transmitted at a selected period within a timing cycle to deter- 
mine the particular one of a plurality of distant controls to be 
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actuated. At the receiving station the apparatus is maintained 
in proper phase relation to the transmitter and selected controls 
actuated. 


1,501,729—E. О. Scriven, filed July 14, 1917, issued July 15, 1924. 
Assigned to Western Electric Company, of New York. 


OsciLLATING GENERATOR having a circuit connected there- 
with for suppressing the undesired oscillations from the source. 
A resistance is connected between the source and the filter cir- 
cuit which suppresses the undesired oscillations to prevent re- 
action between the filter and the source. 


1,501,735—W. C. White, filed June 5, 1915, issued July 15, 1924. 
Assigned to General Electric Company, of New York. 


Rapiro SIGNALING SYSTEM, wherein the transmitter radiates 
a large amount of energy with a large variation in amplitude of 
the transmitted energy. An election tube circuit is provided 
having its cathode and anode connected across a high potential 
point in the antenna and the ground. Continuous wave energy 
is supplied to the antenna and the signals are produced by varia- 
tion in the grid circuit. 


1,501,830—E. F. W. Alexanderson, filed April 30, 1914, issued July 
15, 1924. Assigned to General Electric Company. 


Rapio SIGNALING SYSTEM, wherein a transmitting system is 
modulated by means of an electron tube circuit arrangement. 
The antenna system is continuously supplied with radio frequency 
energy. Ап electron tube has its anode and cathode serially 
arranged with respect to the antenna circuit and its control 
electrode and cathode included in circuit with a telephone trans- 
mitter or other signal controlling device. The amplitude of the 
radiated energy is thus varied in accordance with the signals. 


1,501,831—E. F. W. Alexanderson, filed January 10, 1916, issued 
July 15, 1924. Assigned to General Electric Company. 


Варото SIGNALING SysTEM, wherein modulations are produced 
at the transmitter by a circuit arrangement in which a variable 
amount of energy is diverted from the transmitting circuit during 
the production of signals. А circuit is provided in which induct- 
ance is neutralized by capacity through resonance. The effective 
resistance of the energy absorbing circuit is varied in accordance 
with signals to cause the radiation of suppression of energy. 
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1,502,063—W. Schottky, filed November 6, 1920, issued July 22, 
1924. Assigned to Siemens and Halske, Aktiengesellschaft, of 
Siemensstadt, near Berlin, Germany. 

Ешесткіс WAVE RECEIVER, wherein a local source is provided 
for superimposing on the received frequency a local frequency 
different from that received and arranged to produce a beat fre- 
quency current above the limit of audibility. A rectifier is 
provided which rectifies the beat frequency current. This cur- 
rent is transformed into an alternating current which is then 
rectified and observed. 


1,502,343--В. MacPherson, filed May 25, 1920, issued July 22, 
1924. Assigned to Wireless Specialty Apparatus Company, 
of Massachusetts. 

PROCESS AND APPARATUS FOR Макімс ELECTRICAL CoN- 
DENSERS of the stack type consisting of alternate layers of mica 
and foil sheets. A receptacle for the condenser is provided which 
is substantially higher than the condenser which it is to enclose. 
The receptacle is filled with melted wax to a point substantially 
over the top of the condenser. Heat is supplied to the receptacle 
and to the upper part of the body of wax. The receptacle is then 
cooled to cause the wax to harden gradually from the bottom 
upwardly. 


1,502,460—G. H. Clark, filed April 26, 1921, issued July 22, 1924. 
Assigned to Radio Corporation of America, Delaware 

RADIO SIGNALING APPARATUS for use with a quenched spark 
radio transmitter where the quenched spark gap circuit delivers 
its energy to an intermediate circuit from which it is transferred 
to the antenna circuit. A mechanical wave changing device is 
provided for changing the characteristics of each of the circuits 
simultaneously. 


1 ,502,813—L. Espenschied, filed September 30, 1919, issued July 
29, 1924. Assigned to American Telephone and Telegraph 
Company, of New York. 


-H1IGH FREQUENCY MULTIPLEX SIGNALING SYSTEM, wherein 
a terminal station is connected by line wire with a distant control 
station. The antenna circuit is balanced and connected to a con- 
jugate transformer. One of the circuits is tuned to the reception 
frequency and the other of the circuits to the transmission fre- 
quency. A circuit is provided for modulating and demodulating 
the received and the transmitted currents. 
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NuMBER 1,502,813—High Frequency Multiplex Signaling System 


1,502,831—S. М. Kintner, filed May 11, 1921, issued July 29, 
1924. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 

SYSTEM OF CONTROL for an are transmitter, wherein а con- 
tinuously oscillating circuit is provided coupled with an antenna 
circuit. Тһе signals are produced by reducing or interrupting 
the currents in the antenna circuit and simultaneously inserting 
a sufficient impedance in series with the oscillating circuit to ren- 
der the antenna circuit ineffective. 


1,502,848—F. Conrad, filed July 7, 1920, issued July 29, 1924. 
Assigned to Westinghouse Electric and Manufacturing Com- 
pany. 

TUNING SYSTEM OF ANTENNAS for radio receiving apparatus 
where the receiving circuit may be broadly tuned to resonance 
for a given wave length and next sharply tuned to resonance for 
increasing the intensity of the received signal. The receiving 
circuit is provided with a variable inductor and a variable con- 
denser mechanically connected to be simultaneously varied so 
that the algebraic sum of their reactance remains approximately 
constant. 


1,502,860—D. S. McCrum, filed November 24, 1923, issued July 
29, 1924. 
VARIABLE CONDENSER where the plates are in the form of 
cylinders arranged to telescope one within the other forming ex- 
tended cylindrical capacity areas. 


1,502,875—M. I. Pupin and E. H. Armstrong, filed February 10, 
1916, issued July 29, 1924. Assigned to Westinghouse 
Electric and Manufacturing Company. 
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NuMBER 1,502,875—Tone-Producing Radio Receiver 


Томе-Рворосіме Нар RECEIVER, wherein the receiving 
amplifier is arranged to repeat the incoming waves at an ampli- 
tude which varies periodically at an audible frequency so that 
the resultant electric waves produce a musical note in the receiv- 
ing system. An electron tube circuit is provided at the receiver 
with a filter coupling the input and output circuits thereof, the 
filter including a plurality of like units, each unit comprising two 
reactances of opposite sign with all the reactances of one sign 
connected in series and all those of the other sign connected in 
patallel whereby electrical currents are repeated at a periodically 
varying amplitude. 


1,502,889—H. J. Van Der Bijl, filed January 8, 1918, issued July 
29, 1924. Assigned to Western Electric Company. 

METHOD OF AND SYSTEM FOR Rapio SIGNALING, by which а 
large number of messages may be transmitted simultaneously 
without the use of a correspondingly large number of radio fre- 
quency carrier waves. At a receiving station the radio carrier 
frequency component of the received waves is first eliminated 
and each of the modulated auxiliary carrier frequency compon- 
ents is transmitted to a modulator from which the various signal- 
ing components may be picked out by suitable band filters. 


1,503,250—P. E. Sabine, et al., filed August 7, 1920, issued July 
29, 1924. Assigned to Paul E. Sabine. 


APPARATUS FOR AND METHOD OF Rapid TRANSMISSION OF 
TELEGRAPHIC МЕЗЗАСЕЗ by an impulse alphabet, wherein one of 
two kinds of impulses are transmitted while the other is sup 
pressed. At the receiver the impulse is locally generated and sup 
plied whereby the receiver is operated in а manner as if both 
kinds of impulses had been transmitted. 
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NuMBER 1,502,889—Method of and System for Radio Signaling 


1,503,308—C. D. Ehret, filed October 22, 1920, issued July 29, 
1924. 


METHOD OF AND APPARATUS FOR ELECTRICALLY TRANSMIT- 
TING INTELLIGENCE in the form of sustained waves without the 
use of the electrical beat phenomena. The signals are caused to 
produce a tone frequency and at a point adjacent the production 
of such tone frequency a magnetically produced sound wave 18 
generated. The sound wave produced by the incoming siganl 
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combines with the mechanically-produced sound wave to pro- 
duce a wave beat of audible frequency for observing the incom- 
ing signals. 


NUMBER 1,503,308—Method of and Apparatus tor Electri- 
cally Transmitting Intelligence 


1,503,324—R. Herzog, filed July 12, 1920, issued July 29, 1924. 
Assigned to C. Lorenz Aktiengesellschaft, of Lorensweg- 
Berlin, Tempelhof, Germany. 

MEANS FOR PRODUCING ELECTRIC OSCILLATIONS BY AN 
ELECTRIC Arc, whereby uniform burning of the arc is secured 
by aid of self induction thru a circuit connected in series with the 
arc. А capacity sufficiently large as not to affect the tuning 
is inserted in a circuit including the arc and two self induction 
coils. This circuit does not oscillate independently and the 
effect of the self inductance upon the antenna is entirely or nearly 
neutralized, but the circuit operates to stabilize the burning of 
the arc. 


1,503,709—H. M. Pruden, filed April 3, 1923, issued August 5, 
1924. Assigned to Western Electric Company, of New York. 


VACUUM TUBE Circuits having automatic means for pro- 
viding for the continuous flow of heating current from a common 
source thru a plurality of electron tube cathodes when one or 
more of the cathodes become broken or otherwise removed from 
the circuit. The invention relates to a bank of electron tubes 
where the circuit remains operative even tho one of the tubes 
may be burned out. A relay is provided which substitutes a 
resistance for the burned-out filament when such filament be- 
comes open. 


1,503,765—G. W. Pickard, filed October 8, 1920, issued August 
5, 1924. Assigned to Wireless Specialty Apparatus Com- 


pany, of Massachusetts. 
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ELECTRICAL CONDENSER of the stack type where a pair of 
stacks are arranged transversely of the bottom of the casing with 
a wedge disposed between the stacks for tightly compressing the 
stacks against the side walls of the casing. 


1,504,002—E. Thomson, filed November 13, 1920, issued August 
5, 1924. Assigned to General Electric Company, of New 
York. 


ELECTROSTATIC CONDENSER for high power operation where 
the condenser is constructed in a stack of thin sheets of alternate 
conducting material and insulating material. The feature of the 
invention is the insertion of heat-conducting sheets between the 
several condenser sections for conveying away heat developed in 
the condenser. 


1,504,303—H. A. Affel, filed June 3, 1921, issued August 12, 1924. 
Assigned to American Telephone and Telegraph Company, 
of New York. 


Хсмвен 1,504,303— Method of and Means for Reducing Static Disturbances 


METHOD OF AND MEans FOR ReEpDucING Static DISTURB- 
ANCES, wherein the effective transmitting energy is increased in 
strength by transmitting the energy at several different wave 
lengths simultaneously, altho the total amount of energy radiated 
at all of the different frequencies need be no greater than that 
radiated as heretofore at a single frequency. The conjoint action 
of the several frequencies is employed to operate a receiving relay 
for observing the transmitted signal. 
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1,504,426—W. M. Bruce, Jr., filed July 7, 1919, issued August 12, 
1924. 
Rapio TELEGRAPHY, wherein signals are recorded by a vari- 


able ink line on a tape. A relay is connected in the output 
circuit of an electron tube detector with a movable coil con- 
nected with a stylus which is moved upon the receipt of signals 
from a zero position to a marking position by which an ink line 
is traced upon a moving tape in accordance with the incoming 
signals. 


1,504,462—R. B. Woolverton, filed July 25, 1921, issued August 
12, 1924. 

TRANSMISSION OF RADIO SIGNALS EMPLOYING CONTINUOUS 
Waves, whereby rapid fluctuation of the signal energy is per- 
mitted with the consequent production of sharp rapid signals at 
receiving stations. Ап arc generator is shown for producing the 
oscillatory currents which are delivered to a tuned oscillatory 
circuit and then impressed upon the antenna circuit. The signals 
are interrupted by destroying the resonance between the antenna 
circuit and the oscillatory circuit without interrupting the arc. 


1,504,537—-H. de F. Arnold, filed September 3, 1915, issued 
August 12, 1924. Assigned to Western Electric Company, 
Incorporated, of New York. 


PoweEr-LIMITING AMPLIFYING DEVICE for use in а radio re- 
celving apparatus whereby foreign disturbances and heavy static 
of large magnitude may be reduced to a value not exceeding that 
of the signaling energy for enabling the signals to be observed 
thru such interference. The principle of unilateral conductivity 
is employed by which to distinguish between the signaling energy 
and heavy static disturbances. In the preferred form of this 
device the unilateral conductivity is secured by causing part of 
the circuit to lie in the path of thermionic currents between hot 
cathodes and cold anodes, said thermionic currents being op- 
positely directed with respect to said circuit. These thermionic 
currents are caused to flow by impressing upon their limiting 
electrodes, in multiple, an electromotive force operating thru a 
high impedance, said high impedance performing an important 
function in connection with the power or current-limiting action 
of the device. 


1,504,570—J. O. Mauborgne, et al., filed July 26, 1922, issued 


August 12, 1924. 
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NUMBER 1,504,570— Electrical Signaling 


ELECTRICAL SIGNALING, wherein radio signals may be re- 
ceived substantially free of interference by а combination loop 
antenna and wave coil receiving circuit. 'The loop antenna is 
closed thru а variable condenser апа connected at one point to 
ground and to the terminal of a wave coil. The receiving ap- 
paratus is coupled by means of а movable ring to the wave coil 
which is moved along the wave coil to a position for best operation. 


1,504,600—Q. A. Brackett, filed January 16, 1919, issued August 
12, 1914. Assigned to Westinghouse Electric and Manufac- 
turing Company. 

MEANS FOR PROTECTING Rapiro OurriTs FRoM Static Dis- 
TURBANCES, wherein the major portion of the energy of static 
disturbances is shunted around the receiving apparatus so as to 
be substantially ineffective in disturbing the receipt of signaling 
impulses. A pair of rectifying devices are connected in shunt 
with each other and placed directly across the receiving circuit. 


1,504,604—L. W. Chubb, filed May 24, 1921, issued August 12, 
1924. Assigned to Westinghouse Electric Company, of 
Pennsylvania. 


SYSTEM OF CONTROL by signaling means of an are without in- 
terrupting the oscillatory condition of the arc. An antenna is 
employed provided with parallel extended conductors, one set of 
conductors of which is connected with the arc signaling system, 
and the other set of conductors to a keying circuit by which the 
conductors may be included in an absorbing circuit during the 
production of signals. The sets of conductors in this manner 
operate as a huge condenser in the absorbing circuit. 


1,504,940—G. W. Carpenter, and W. L. Carlson, filed January 
29, 1921, issued August 12, 1924. 


TELEPHONE RECEIVER CincurrS, wherein the telephone head- 
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set 18 electrostatically shielded from radio frequency coupling 
currents which might stray from other parts of a sensitive elec- 
tron tube amplifier. The shielded cord as claimed in this patent 
is a feature of the Navy Type Brandes telephone headset. Howl- 
ing in sensitive multi-stage amplifiers is avoided by using this 
{уре о? headset. 
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NuMBER 1,504,940—Telephone Receiver Circuits 


1,504,974--С. Reno, filed March 1, 1920, issued August 12, 1924. 
SYSTEM FOR TRANSMITTING ENERGY WITHOUT WIRES in a 

confined path in any direction. A spirally-revolving magnetic 

field is produced in a pair of symmetrically segmated conductors. 

A parabolic reflecting circuit is arranged for focusing the mag- 

netic field in a desired direction. 

1,505,158—De Loss K. Martin, filed November 23, 1921, issued 
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August 19, 1924. Assigned to American Telephone and 
Telegraph Company, New York. 


FREQUENCY CONTROL SysTEM of carrier waves from a dis- 
tant radio station. А controlling frequency is transmitted to a 
receiving station where it is amplified and caused to operate a 
synchronous motor. The synchronous motor may be employed 
to operate any desired form of synchronous device. 


1,505,600—G. W. Pickard, filed June 8, 1920, issued August 19, 
1924. Assigned to Wireless Specialty Apparatus Company, 
Boston, Massachusetts. 

Process AND APPARATUS FOR THE MANUFACTURE OF ELEC- 
TRICAL CONDENSERS, where a condenser of the stack type is sub- 
merged in a bath of fluid insulating material in a casing and then, 
while in the bath, a permanent pressure 18 applied to the stack 
to drive out the insulating material from between the sheets. 
The shects are thus brought into intimate contact with a per- 
manent filler of insulating material around the stack without 
the stack being exposed to atmosphere after its submerging. 


List oF Каро TRADE Marks PUBLISHED ву PATENT OFFICE 
PRIOR TO REGISTRATION 


(The numbers given are serial numbers of pending applications) 


191,177—"''VoirsoMETER" for radio receiving apparatus. Vois- 
ometer Mfg. Co., Mirkwood, Missouri. Claims use since 
January 23, 1924. Published July 8, 1924. 


183,996—''HkrEROFLEX" for radio apparatus. Electrical Re- 
search Laboratories, Chieago, Illinois. Claims use since 
November 20, 1923. Published July 8, 1924. 


194,212--“Роглтком” for radio apparatus. | Polydyne Corpora- 
tion, New York City, New York. Claims use since about 
March 8, 1914. Published July 8, 1924. 


194,214—*'Porvcoir" for radio apparatus. Polydyne Corpora- 
tion, New York City, N. Y. Claims use since about March 
8, 1924. Published July 8, 1924. 


194,215—“‘PoLyFoNE” for radio apparatus. Polvdyne Corpora- 
tion, New York City, N. Y. Claims use since about March 
8, 1924. Published July 8, 1924. 


194,440—“DyNororMER” for radio transformers and coupling 


673 


coils. Electric Service Engineering Corporation, New York, 
N. Y. Claims use since February 21, 1924. Published 
July 8, 1924. 


194,441- “Пүхором” for radio condensers. Electric Service 
Engineering Corporation, New York, N. Y. Claims use 
since February 21, 1924. Published July 8, 1924. 


194,464—‘“‘Micro-HE.Lrx’”’ for variable condensers. Packwood 
Brothers, Lincoln, Nebraska. Claims use since February 
15, 1924. Published July 8, 1924. 


194,631—‘‘Trade mark consists of the picture of Lafayette, а 
deceased celebrity," for radio receiving apparatus. Thomp- 
son Mfg. Company, Jersey City, New Jersey. Claims use 
since February 7, 1924. Published July 8, 1924. 


166,123—''VocALION"' for radio receiving and transmitting sets 
The Aeolian Co., New York, N. Y. Claims use since about 
June 14, 1922. Published July 22, 1924. 


170,673—''REsisT-O-METER" for ohmic resistance for radio 
receiving sets and the like. Scholes Radio and Mfg. Co., 
New York, N. Y. Claims use since August 14, 1922. Pub- 
lished July 22, 1924. 


194,211—''Porv" for radio apparatus and receiving sets. Poly- 
dyne Corporation, New York, N. Y. Claims use since about 
March 8, 1924. Published July 22, 1924. 


194,213—''PorLvsTrAT" for radio apparatus and receiving sets. 
Polydyne Corporation, New York, N. Y. Claims use since 
March 8, 1924. 


194,785—''MicRorARAD JUNIOR” for condensers. Chelten Elec- 
tric Co., Philadelphia, Pennsylvania. Claims use since on 
or about November 13, 1923. Published July 22, 1924. 


194,786—''MipcET VERNIER" for condensers. Chelten Co., 
Philadelphia, Pennsylvania. Claims use since on or about 
January 31, 1923. Published July 22, 1924. 


194,794—“‘GR” in ornamental design for radio apparatus and 
receiving sets. General Radio Co., Cambridge, Massa- 
chusetts. Claims use since October 1, 1923. Published 
July 22, 1924. | 


194,830--“Клго,АмР” for loud speakers. Robert E. Wheelan, 
New York, N. Y. Claims use since March 15, 1924. Pub- 
lished July 22, 1924. 
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193,741—''WARE'' for radio sets and parts thereof. Wave Radio 
Corporation, New York, N. Y. Claims use since May 4, 
1922. Published July 22, 1924. 


193,837--“Тне Ілттіе KEticoiL” for tuning inductances for 
radio circuits. Patrick J. Kelly, Philadelphia, Pennsyl- 
vania. Claims use since November 11, 1923. Published 
July 22, 1924. 


190,890--“Тне CoNcERT MopuLATOR" for loud speakers. Man- 
hattan Electrical Supply Co., Inc., New York, N. Y. Claims 
use since August 28, 1923. Published July 22, 1924. 


195,331—''Vanrio-FARAD" for variable condensers. Thomas E. 
Binder doing business as Elec-Rad Co., Trenton, New Jer- 
sey. Claims use since September, 1923. Published July 
22, 1924. 


195,718--“Роват-Блго” for radio apparatus. Service Radio 
Corporation, New York, N. Y. Claims use since about 
April 1, 1924. Published July 22, 1924. 


195,755—''MoLoDYNE'" for radio receiving sets and parts thereof. 
The Melodyne Co., New York, N. Y. Claims use since 
April 10, 1924. Published July 22, 1924. 


196,258—''GRAND OPERA VOLUMETER”’ for radio headsets and 
loud speakers. Radio Industries Corporation, New York, 
N.Y. Claims use since about December 28, 1923. Pub- 
lished July 22, 1924. 


196,466—''HELioTRON Туве” for electron tubes. F. S. МеСш- 
lough Laboratories, Wilkinsburg, Pennsylvania. Claims use 
since April 26, 1924. Published July 22, 1924. 


196,555—''AuDIOTRAN" for radio receiving sets and parts thereof. 
Scientific Equipment Co., Ridgewood, New Jersey. Claims 
use since April 17, 1924. Published July 29, 1924. 


196,814—''RiT-ONE"' for radio apparatus, in ornamental design. 
Radio Sales Co., New York, N. Y. Claims use since Jan- 
uary 1, 1924. Published July 29, 1924. 


196,826—‘‘MacGna-Lion”’ for crystal detectors. Harry B. Schil- 
ler, Philadelphia, Pennsylvania. Claims use since May 6. 
1924. Published July 29, 1924. 


186,703--“Тне Burr Doc Свір” for plugs for radio telephones, 
in ornamental design. John Firth, New York, N. Y. Claims 
use since 1921. Published August 5, 1924. 
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191,580--“Тне ATLANTIC & Paciric Rapio Co." in ornamental 
design, for radio apparatus. Atlantic & Pacific Radio Co. 
Claims use since June, 1921. Published August 5, 1924. 


193,830—‘‘AMPLIOLA”’ for loud speakers. Alfred Graham & Co., 
of London, England. Claims use since April 1, 1923. Pub- 
lished August 5, 1924. 


193,842—''MaANHATTAN'" for radio apparatus. Manhattan Elec- 
trical Supply Co., New York, N. Y. Claims use since 1889. 
Published August 5, 1924. 


194,532— ''SiNGLE-TRor" for radio apparatus. С. H. Fischer & 
Co., Glendale, New York, N. Y. Claims use since March 3, 
1924. Published August 5, 1924. 


194,891—''UNiDYNE'" for radio receiving sets. United Mfg. е 
Distributing Co., of Chicago, Illinois. Claims use since 
January 1, 1924. Published August 5, 1924. 


195,583—"'LiNRAD" for radio receiving sets and parts thereof. 
Lininger Radio Co., Cleveland, Ohio. Claims use since 
February 11, 1924. Published August 5, 1924. 


195,685--“Нансо” for radio receiving sets and parts thereof. 
Harris & Birdseye, Inc., New York, N. Y. Claims use since 
October, 1923. Published August 5, 1924. 


166,125—"''AEoLIAN" for radio transmitting and receiving sets. 
The Aeolian Co., New York, N. Y. Claims use since June 
14, 1922. Published August 12, 1924. 


193,527—''LvrTON" for radio set and parts thereof. Walter 
Lytton, Inc., Chicago, Illinois. Claims use since January 1, 
1924. Published August 12, 1924. 


193,556—''"TREsco" for radio set and parts thereof. Tri-City 
Radio Electric Supply Co. Claims use since 1914. Pub- 
lished August 12, 1924. 


193,557--“Твезсо” in ornamental design, for radio sets and 
parts therefore. Tri-City Radio Electric Supply Co. Claims 
use since 1914. Published August 12, 1924. 


194,592—''D" for radio sets and supplies. De Forest Radio 
Telephone & Telegraph Co. Claims use since 1919. Pub- 
lished August 12, 1924. 


194,730—''TRAYDIO" for radio apparatus. Musical Products 
Distributing Co., ше. Claims use since March 17, 1924. 
Published August 12, 1924. 
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194,982—“‘TELEDYNE”’ for radio receiving sets and parts thereof. 
Cutting & Washington Radio Corporation. Claims use 
since February 11, 1924. Published August 12, 1924. 


195,118—‘‘AccURATUNE” for radio apparatus. The Mydar 
Radio Co., Newark, New Jersey. Claims use since June 15, 
1922. Published August 12, 1924. 


196,330—''CRvsTALSTAT" for crystal detectors and rectifiers. 
The Breckenridge Electric Co., Detroit, Michigan. Claims 
use since March 1, 1924. Published August 12, 1924. 


195,2981--“Мімгте Мам” for radio sets and parts therefor. 
Pathe Phonograph & Radio Corp., Brooklyn, New York. 
Claims use since February 6, 1924. Published August 12, 
1924. 


195,982—“‘Deputy’”’ for radio set and parts therefor. Pathe 
Phonograph & Radio Corp., Brooklyn, New York. Claims 
use since January 30, 1914. Published August 12, 1924. 


196,420—“‘NEUTRADIAL” for radio sets and parts therefor. 
Broadcast Manufacturers, Inc. Claims use since March 
31, 1924. Published August 12, 1924. 


196,441—“‘TELomonic”’ for radio set and parts therefor. Danzer- 
Jones, Inc., New York, N. Y. Claims use since April 2, 
1924. Published August 12, 1924. 


196,524—''K-E" for radio apparatus. Kirkman Engineering 
Corporation. Claims use since February 19, 1924. Pub- 
lished August 12, 1924. 


187,998—‘‘WoopEHORN” for radio sets and parts therefor. 
Inter-Ocean Radio Corporation. Claims use since Septem- 
ber 1, 1922. Published August 12, 1924. 
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FIELD INTENSITY MEASUREMENTS IN WASHINGTON 
ON THE RADIO CORPORATION STATIONS AT NEW 
BRUNSWICK AND TUCKERTON, NEW JERSEY* 


By 
L. W. AUSTIN 


(Рнүвісізт, RADIO Puysicat LABORATORY, BUREAU OF STANDARDS, 
WaSHINGTON, D. С.) 


(Communication from the International Union of Scientific Radio 
Telegraphy) 


Measurements on stations at moderate distances were first 
taken up with the intention of using their signals as standards 
for the calibration of the telephone comparator employed in the 
measurement of European stations. During the preliminary 
experiments satisfactory constancy was obtained on the signals 
from WQK (Rocky Point, Long Island), but as warm weather 
came on, irregularities appeared and the observations were 
shifted to WII (New Brunswick) since it is nearer and for this 
reason perhaps less likely to show variations. Observations 
were taken twice a day at about 10 A. M. and 3 P. M. on a low 
antenna swung about three meters from the ground between the 
towers of the main antenna. Тһе radiation height (effective 
height) is 1.2 meters. Тһе mean of the morning observations 
for the year, omitting the disturbed days of January, February, 
and March, gives a field intensity for New Brunswick of 3.06 
millivolts per meter. Ав 10 percent is, under ordinary circum- 
stances the limit of accuracy of these measurements, observations 
which lie within this limit are considered normal. 

In June, 1923, the morning signals from WII, which are more 
regular than those of the afternoon in summer, on account of the 
absence of the afternoon absorption, fell below normal on ten 
days, on three of which the deviation lay between 30 percent 
and 50 percent. In July, the morning signals were abnormal on 
seven days, twice being more than 30 percent low, while on July 
*Received by the Editor, June 30, 1924. 
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17th they rose for an hour or two to 85 percent above normal 
without apparent cause. 

From August Ist to December 30th the signals were more 
regular. During August they varied in the morning less than 
10 percent, except for slight variations on three days. Іп Sep- 
tember they were also below normal on three days, one day being 
40 percent low. In October they again exceeded the 10 percent 
variation slightly on three days. In November the three varia- 
tions were all high, the greatest deviation being 24 percent. In 
December there was one low variation of 21 percent and one 
high, 63 percent. 

Regular observations were begun on WGG (Tuckerton), in 
October. This station averages about 12 percent below WII 
in intensity, giving 2.7 millivolts per meter. — From the tables 
it will be scen that the variations are of the same order as those 
of New Brunswick. Figure 1 shows the monthly averages of the 
New Brunswick (WII) observations. Figure 2 shows the daily 
record for WII in July, the crosses being the 10 А. M. observa- 
tions and the circles those at 3 P. M. The tables give the com- 
plete daily observations for both stations. 

During December there was no very cold weather in Wash- 
ington, but with the cold waves of January there was a marked 


MILLIVOLTS PER METER 


MONTHS 
FIGURE 1 
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increase іп the irregularities of WII апа WGG and in a lesser 
degree of WQK. This last station was only observed occasionally. 
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At the time of the passage of each of the cold waves there was an 
increase іп signal strength, especially during the severe. cold 
toward the end of the month. In order to show this more clearly 
the maximum signal of WIT or WGC at the two observation 
times and the reciprocal of the temperature are plotted in Figure 
3. The observations on the signals and the 8 o'clock А. M. tem- 
peratures are given in the January Table. 

During the moderate cold of January 7th and 15th, some- 
times only one of the two stations seemed to be affeeted and the 
high readings were observed for only a part of the time, but dur- 
ing the extreme cold of January 22d and 27th both of the stations 
regularly observed as well as WQK and WSO (Marion, Mass.) 
remained high thruout the day, and in the last ease for sev- 
eral days. There were also at these times marked shifts in the 
apparent direction of the stations even in the forenoon when 
their bearings are usually correet. NSS (Annapolis) 53 km. away 
showed no increase in signal strength during these times. The 
end of the cold weather of January did not at once restore receiv- 
ing conditions to the uniformity of the autumn and early winter, 
but left an instability which persisted thru the comparatively 
mild cold ofFebruary and a portion of March. During this time 
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the signals from WII and МСС ductuated frequently, going to 
more than twice their normal strength for a few hours and then 
returning to normal without any obvious relation to weather 
conditions. 
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Since March 19th these large irregularities have ceased and 
transmission seems to have returned to a stable condition with 
nearly the same average signal strength as in the autumn. Тһе 
observations which have been taken on Annapolis and on the 
Radio Corporation stations at various distances indicate that 
large variations in intensity do not generally occur at 50 km., 
that they are large at distances of 250 to 300 km. and again 
become less at 400 to 700 km. 

The few night observations which have been taken show 
somewhat higher and less regular values than those taken dur- 
ing the day. 

It is too early to give any definite explanation of the varia- 
tions observed. "Their cause is evidently atmospheric and the 
connection with the cold waves of January suggests either that 
the part of the atmosphere concerned in the variations lies much 
below the Heaviside surface (80 or 100 km.) or that weather 
phenomena are in some way correlated with atmospheric action 
at much greater heights than has been hitherto supposed. 
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FIELD INTENSITY OF NEW Brunswick WII ак MILLIVOLTS 
PER METER 


1923-1924 
Dec., 1923 Jan., 1924 Feb., 1924 
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FIELD INTENSITY OF TUCKERTON WGG ім MILLIVOLTS 
PER METER 


1923 


October November December 
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TRANSMISSION DATA 


Distance 


Approx. fran Radia- 


к Antenna Wash- tion 
4 ke У | Current Шоп height 


amp. Күй. 


New Brunswick 22.04 281 66.0 
(WII) 
Tuckerton ( WGG)| 18.85 


Bureau of Standards 
Washington, D. C. 


SUMMARY: The paper gives the results of field intensity measurements 
at the Bureau of Standards on the transatlantic radio stations at New Bruns- 
wick and Tuckerton, New Jersey. The summer measurements are somewhat 
weaker than those of winter and generally the afternoon signals are slightly 
weaker than those of the forenoon. The most interesting fact observed was 
the great increase in signal strength which accompanied the passage of the 
cold waves of January, 1924. This, if verified, will be of special interest as 
showing & definite connection between radio transmission and the usual 
weather phenomena. 


692 


THE HIGH POWER STATION АТ MALABAR, JAVA* 


COMPILED BY 


THE Егітов FROM PHOTOGRAPHS AND МотЕЗ RECEIVED FROM 
Dr. CoRNELIS J. DE GROOT 


(DiREcTOR оғ Карго, DuTCH East INDIES, BANDOENG, JAVA) 


It has been deemed desirable to present to the readers of the 
PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, in the 
form of a permanent record, a description of the erection, equip- 
ment, and operation of what is to-day the highest power trans- 
mitting station in the world, and one which required for its suc- 
cessful construction an unusual amount of perseverance and 
ingenuity. Situated at Malabar, in the mountains of Java, and 
at a considerable distance from all cities, the problems of trans- 
portation were extreme. This point will be particularly appre- 
ciated when the construction of the gigantic arc and its mas- 
sive magnetic circuits is considered below. It should also be 
noted that a good part of this construction was necessarily car- 
ried out either during wartime or at a period when the disorgani- 
zation resulting from the war greatly handicapped the engineer- 
constructors. 

The object of the station was to connect the principal cities 
of Java by direct radio communication with a correspondent 
station at Kootwijk, Holland, at a distance of twelve thousand 
kilometers (or seven thousand five hundred miles). It was de- 
sired to establish a twenty-four hour per day commercial service 
over this hitherto unattempted distance, and with reception Іп a 
tropical locality where atmospheric disturbances were known 
to be unusually heavy. 

The illustrations of this compilation are arranged in a gen- 
erally chronological order, thus giving a clear idea of the sequence 
of events during the construction and an indication of the pro- 
cedure followed in the erection of large stations of this type. 

The station is located at one end of a steep ravine in the 
mountains, in what was originally a wilderness. The mountains 
at each side of the ravine serve as antenna supports, as will be 


*Received by the Editor, December 1, 1923. 
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FIGURE 1 


described іп further detail below. It became necessary, there- 
fore, to build the village shown in Figure 1 in the foreground 
before work could be begun on the station building shown in the 
rear. The character of the country is also clearly depicted in 
this figure. A closer view of the station building in process of 
erection is given in Figure 2. A temporary roof is in place, and 


FIGURE 2 
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а crane for the erection of the large arc is in place, as аге the 
generator foundations. oo 

Unusual precautions were taken to ensure continuity of 
_ power supply for this station. Two double 25,000-volt overhead 
lines carry power to the station, one from the north and the other 
from the south. Each of these connects both to steam-driven 
plants and water power plants. Thus, even in the dry season, 
complete reliability is obtained by dependence on the steam- 
driven plants. A sub-station is provided at the end of these lines, 
containing four transformers, each of 2,000 kilovolt-amperes, and 
for reducing the voltage from 25,000 to 6,000. One of these trans- 
formers is a spare. Appropriate oil switch gear is also provided 
in the sub-station. The layout of the horn gap arresters in this 
sub-station is shown in Figure 3, and the core and windings of 
a 2,000 kva. transformer in Figure 4. In a fireproof cellar within 
the transmitting station are mounted the three 250-kva. 6,000- 
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Кісске 3—Horn Gap Arresters. 


220-volt transformers shown in Figure 5, which transformers 

feed the motor generators in the station up to 100 kw. The large 

motor generators are operated directly on the 6,000-volt circuits. 

There are two hydraulie power plants near the station, each 

of 200 kilowatts output, which act as a reserve source of power. 

They also form a spare source for supplying motor power to the 
695 


Figure 4—Core апа Windings of 2,000 КУА 
Transformer 


Figure 5—6,000-220 volt Transformers in Fire- 
proof Cellars for Small Motor Generators 
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water pumps for use in case of fire, and can supply the radio 
station in case the overhead lines fail or are cut. On the power 
available from these plants, it is possible to reach Holland at 
night and all of India, Cavite, or Japan by day or night. The 
water for these plants comes from a small river flowing down the 
ravine which is led into settling pools for the removal of sedi- 
ment. An old wooden conduit which conducts the water from the 
settling ponds is illustrated in the back of Figure 6, while the 


FIGURE 6 


beginning of the new tunnel is shown in the left-hand front of the 
same figure. This same tunnel ends in an open conduit which 
leads into the first reservoir, and appears in Figure 7. In Figure 
8 is seen the process of filling the reservoir, from which the wooden 
pipe shown in Figure 9leadsdown to the first turbine. This wooden 
pipe— a war necessity—has stood up well under the pressure. It 
was obtained from Australia during wartime, steel pipe being unob- 
tainable. The hydraulic plant itself is shown in Figure 10. The 
water wheel, at the left, was taken from a 20-year-old gold placer 
mine installation in Sumatra during war time. New regulators 
for speed control have been recently added. This wheel drives 
a 1,200-volt 150-kilowatt direct current generator obtained in 
Japan, and the only type available during the war. This gen- 
erator is now connected by cable to the new radio station, 
where it can feed the smaller ares. It is planned shortly to 
change this generator over into a 6,000-volt three-phase ma- 
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chine, so that the entire power supply to the radio station will 


be of uniform character. | 
After leaving the first hydraulic plant, the water flows to the 
second turbine shown in Figure 11. This turbine runs two 
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Figure 7 —End of Tunnel with Open Conduit to First Reservoir 


FicgurE 8—Filling Reservoir 


2,000-volt three-phase alternators which are also to be re- 
placed by a 6,000-volt three-phase alternator. The current 
from these alternators passes thru an overhead line to the fire 
pump station, which is therefore provided with an independent. 
source of power for emergencies. This fire pump is placed near 
the new radio station, and from this point the power is run by 
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FIGURE 9 


FIGURE 10 
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cable to the station where some motor-generators for the small arcs 
are fed by it. These are motor generators of 200 kw., 150 kw., and 
100 kw. direct current output respectively. Тһе first two were 
purchased in Japan, whereas the latter was obtained from Amer- 
іса in wartime. In Figure 12 is illustrated a 6,000-volt 200- kilo- 
watt generator at the radio station. Work was started on a 100- 
kilowatt Federal Telegraph Company are. By 1918, this arc had 
reached the antipodes, and by 1919 it had reached Holland regu- 
larly at night time. Its use with Holland was discontinued in 
1922 after completion of the 400 kw. Telefunken alternator. 


Figure 11 


FiGURE 12—6,000-volt Motor Generator, 200 KW. 
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The machine room floor on which most of the preceding ma- 
chines are now placed is shown in Figure 13. The switchboards 
to the right, for control purposes, were fabricated at the shops 
of the Malabar station. For supplying power to the high power 
are at the new radio station, there are provided two large motor 
generators, shown in Figure 14. Each of these is capable of de- 
livering 1,200 kilowatts at 3,500 volts direct current. They are 
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FIGURE 15 


now worked in parallel every day to supply a power of 2,400 
kilowatts to the ares whereby 1,200 kilowatts are fed into the 
antenna. Two more of the motor-generators are to be added 
next year, one being a spare. It will thus become possible to 
supply 3,200 kilowatts to the arc, obtaining about 1,600 kilo- 
watts in the antenna. These motor generators were supplied 
by the General Electric Company and operate very satisfac- 
torily. Тһе quick-break switches for these motor generators 
are mounted in the cellar, and are shown in Figure 15. "These 
also work well and prevent flash-over on an occasional short 
circuit on the generators resulting from the normal operations 
of the ares without any series resistance. 

Тһе lower are core was erected, using a hydraulic Jack. Its 
cross section is of logarithmic shape so as to produce a maximum 
flux. The huge magnetic circuit of the arc is built up of numerous 
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Figure 15—Quick Break Switches for Motor 
Generator 
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large pieces of cast iron, each weighing between 1,000 and 6,000 
kilograms (2,200 and 13,200 pounds), all held together by steel 
plates and bolts. This construction was required because of the 
limitation on the size of castings which could be produced and ma- 
chined in the Javanese foundries. The method of assembling the 
magnet core is clearly indicated in Figure 16, which represents the 


I'icure 16—Method of Assembling Magnet Core. Lower 
Core Complete Except Conical Tip and Base. 


lower core complete except for the conical tip and the base. The 
core can be moved ‘vertically by hydraulic pressure and weighs 
25,000 kilograms (nearly 28 tons). The lower magnet coil, which 
also acts as a choke coil in the are supply circuit, is placed in an 
oil tank illustrated in Figure 17. . After this tank was placed in 
position and portions of the vertical iron pillars forming the mag- 
netic circuit were in place, the photograph of Figure 18 was taken, 
the building having progressed considerably by that time. 
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Figure 18—Oil Tank and Vertical Magnet Pillars in 
Place"around Lower Coil 
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Тһе construction of the lower magnet coil was a difficult 
task. The beginning of the winding is shown in Figure 19, and 
Figure 20 shows the winding nearly completed. The actual con- 
ductor was made up of nine square-cross-section copper con- 
ductors, 7 mm. by 7 mm. (0.3 by 0.3 inch), these being com. 


Figure 20—Lower Magnet Coil Nearly Completed 
705 


bined into a single conductor of 450 square mm. (1.4 square inch) 
cross section. It was insulated to withstand 60,000 volts from the 
arc. During a year of rough use, no trouble has developed in this 
coil. The copper in this coil weighs 10,000 kilograms (22,600 
pounds). The coil is wound in seven concentric cylindrical lay- 
ers for easy erection and repair. 

The next group of photographs shows serially the growth 
of the large arc. In Figure 21, the lower coil is in place, 
together with the upper magnet core, and a part of the upper 
bridge. The four-pillar construction of the outside elements of 
the magnetic circuit is clearly shown in Figure 22. This type 


FIGURE 21—Lower Coil in Place and also Upper Magnet Core and 
Part of Upper Bridge 
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FIGURE 22 


of construction was adopted to give the аге mechanical stability, 
and also to enable the easy insertion of the cathode and anode 
of the arc. The completed magnetic circuit weighed 260,000 
kilograms (260 tons), and appears completed in Figure 23. The 
erection of the аге was taking place during the photographing of 
Figure 24, and it will be noted that a graceful tribute has been 
paid to the radio pioneers, Poulsen and Marconi, by inscribing 
their names in the tiling on the walls of the station. Arco, 
Alexanderson Wien, Latour, and Meissner have been similarly 
honored by inscriptions on the end walls of the station, which 
are illustrated later in this compilation. 

The process of winding the upper magnet coil is shown in 
Figure 25. This coil is independently excited in order to regulate 
the field to a value most suitable for the wave length at which 
operation is being maintained. Figure 26 gives a close-up view 
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Figure 24--Erection of Arc. 
708 


of this upper coil in place together with the interior of the oil 
tank containing the lower coil. The shape of the conical wrought- 
iron tip of the lower pole is to be noted. The upper pole tip 18 
of the same shape. By this time, the construction of the are was 


Біссик 25—Winding of Upper Magnet Coil 


proceeding rapidly, and the process of inserting the brass are 
chamber (weighing 5,000 kilograms or 11,000 pounds) is illustrated 
in Figure 27, wherein also appear the magnetic circuits of two 
auxiliary ares for military work, each of 200 kilowatts input 
power. After the are chamber was in place, the safety valve 
was fitted into its side as shown in Figure 28. Not long there- 
after it was possible to open the station officially, and Figure 
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29 shows the memorable occasion on which the first service mes- 
sages were sent direct by day to the Queen of Holland from_the 
Governor-General of the Dutch East Indies. 
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FIGURE 26—Upper Coil in Place, also Interior of Lower 
Drum 


Some of the station auxiliaries merit attention. Cooling water 
for the circulation system of the arcs and for the fire pumps is 
run thru filters, and then reaches the arcs. After leaving the 
arcs, it passes to a cooling pond in the front of the station, whence 
it is pumped back to the upper reservoir. The cooling at the 
pond is carried out from horizontal spray pipes. The pipe to the 
upper reservoir and the tunnel from the reservoir are illustrated 
in Figure 30. The station is also provided with a plant for produc- 
ing pure hydrogen for the arcs (to ensure continuous operation 
without cleaning) and tanks for storing hydrogen and oxygen in 
sufficient quantities. The cooling reservoir and pumps, while 
under construction, appear in Figure 31. 
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The control of the large radio frequency output of the station 
presented some problems. A remotely controlled switch had to 
be provided for selecting whichever one of the arcs was to be 
connected to the antenna. It is shown in Figure 32. The 
insulators are of hard rubber, made in the rubber factory at 
Bandoeng during wartime, and corona helmets are provided over 
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Figure 27—Brass Arc Chamber, on Way to Mounting 
Platform 


the switch contacts. The arrangements for the tuning of the 
station are indicated in Figure 33, which is a photograph of the 
equipment in process of construction. The loading coil at the 
right 18 of copper tubing silver-plated. Two of these coils placed 
in the main antenna enable covering the wave length range from 
7,000 to 20,000 meters. A number of taps connected to a selector 
switch (remotely controlled) enable tuning to within 1,000 
meters by this method. A switch is also provided between the 
two antenna loading coils to prevent dead-end losses. The 
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selector switch in question was under construction at the time 
thi? photograph was taken. It consists of a long vertical shaft 
with a rotating switch arm, with motor drive thru a worm wheel 
at its lower end. It is mounted on insulators designed to with- 
stand 150,000 volts. For fine tuning of the set, the Rendahl 
variometer at the left is provided. By its use it is possible to 
alter the wave length of the station by as much as 1,000 meters 
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FiGvRE 28--Агс Chamber and Safety Valve Being Fitted 


while the arc is in operation, which is of importance for a station 
intended for the special services required in this case. Each arc 
is provided with its own direct-reading wave meter built by the 
Lorenz Company. Тһе operator of the station can remotely 
control the tuning variometer, thereby avoiding even small 
variations in the wave length of the stations during transmission. 
In Figure 34 is shown a front view of a portion of the station 
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The down-leads of the antennas are clearly 


the building, since all forms of porcelain tubes failed in the foggy 
visible in the figures as well as the strings of disc insulators. 


building. The antennas are led out thru a hole in the front of 


climate of Java. 


Figure 29—Sending First Service Message from Java to Holland 
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Е1совЕ 31—Cooling Reservoir Under Construction, and 
p чк Pumps 
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These have since been replaced by porcelain insulators. The 
four towers at the two ends of the building are not purely orna- 
mental. They serve to support the lower ends of the four an- 
tennas which it is planned to use for four simultaneous trans- 
missions in the future. The present antenna is supported by 
five hawsers fixed to the local mountain tops and crossing the 
ravine. To keep the tension in the antenna constant, the wires 
thereof are passed over pulleys in the building tower tops and 
then counterbalanced by weights. At every one of the cross- 
ravine hawsers, the antenna wires run over large aluminum pul- 
leys on ball bearings, which pulleys are fastened to the lower 
ends of the corona shields, ending the strings of insulators. The 
aerial is worked at an effective voltage of 125,000 and shows 
traces of corona. As it is intended to raise the voltage to 150,000 
for full power, a special aerial wire having a 34-inch hemp core 
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] IGURE 32 


will be used in the future..'In Figure 34, the Governor-General 
is shown just leaving the station on its opening day. The cooling 
pond and the pump appear at the left of the figure: 

In addition to the arc installations constructed, erected, and 
owned by the Radio Department of the Government Telegraph 
Service, the Telefunken Company was allowed to erect at their 


. own risk in an annex а 400-aerial-kilowatt radio frequency 


alternator. 

Тһе Telefunken Company's installation is shown in Figures 
35, 36, and 37. The station is installed on one of the large 
elevated galleries and is practically a duplicate of those at 
Nauen, Germany and Kootwijk, Holland. It is still owned by 
the Telefunken Company. It operates very reliably, though only 
at manual speed when radiating ful! power, but'is not power- 
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ful enough to meet the contractual obligation of providing 
24-hour per day commercial service to Holland. It is, in fact, 
only trustworthy at night, and even then fails absolutely on 
many nights in the bad season. Because of obligations incurred 
by the Dutch Government in wartime; it will be purchased. It 
is an excellent mercantile, transmitter for less distant work, such 
as service to Japan, Saigon, Australia, and Cavite in the Philip- 
pines. It serves in this way to collect messages for re-transmis- 
sion to Europe and can serve during part of the vear as a spare 
transmitter to Europe. 


Ғіссне 33—High Power Tuning Equipment 
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FIGURE 34 


In Figure 37, the control relays of the Telefunken alternator 
set are shown in the front. There is also available a magnetic 
amplifier for key control of the transmitter which, however, does 
not function properly at high speeds since the antenna power de- 
creases markedly as the speed increases. In the background of 
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this figure are seen the frequency doublers and triplers. The four 
fixed wave lengths of this set are 7,500, 10,000, 15,000, and 20,000 
meters. The first two often provide excellent service to Holland 
in the night time. The 15,000-meter wave is best in the daytime, 
but does not give reliable communication on the available power 
of this transmitter. The 20,000-meter wave can never be copied, 
either day or night. The results found by experiment are not in 
accord with the Austin-Cohen transmission formula, since the 
best wave length for daytime working over a 12,000-kilometer 


FIGURE 36 
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streteh (7,500 miles), from Java to Holland is found to be about 
16,000 meters both for the arc and for the alternator, which is 
several times smaller than the value given by the formula. Dur- 
ing complete darkness, the best results are obtained on wave 
lengths of between 7,500 and 9,000 meters even with a much 
smaller output. All-year operation requires about 120,000 meter- 


FIGURE 37 


amperes on the shorter wave. In full daylight, 250,000 meter- 
amperes are required on the 15,000-meter wave. During the 
hours when the transmission path is partly illuminated, the full 
output of 300,000 meter-amperes is rather below the necessary 
output for commercial communication. During a recent twenty- 
four hour test working to Holland, and with the arc furnishing 
about 200,000 meter-amperes on the 15,600-meter wave at hand 
speed, communication could be maintained for nineteen hours 
for plain language text and for eighteen hours with code text. 
It was possible to deduce from these results that, using the full 
300,000-meter-ampere output of the station, twenty to twenty- 
one hours’ daily communication could be dependably secured, 
which would enable handling more traffic than is now available 
between Java and Europe. However, it is necessary to await im- 
provements in reception before thoroly satisfactory 24-hour per 
day communication with Holland can be obtained during the en- 
tire year. Of course, the weak 50.000 meter-ampere alternator 


719 


transmitter, working at a long wave length in Holland, gives 
very poor service in Java thru the strong local static, and is of use 
chiefly during the night time. This naturally hampers the ser- 
vice from Java to Holland to a considerable extent. 

The station being in an isolated location, a repair shop has 
been provided at the transmitting station. The receiving station 
is located at Tjangking, and is illustrated in Figure 38. The taller 
structure in the background is the receiving station, the coil 
antenna being mounted in the upper story. Тһе lower stories 


FiGunRE 38— Receiving Station, Tjangking 


are apparatus rooms completely enclosed by sheet iron. Receiv- 
ers are provided for four simultaneous services. Either coil 
antennas, long horizontal wires, or buried wires are used for 
reception. When the loops аге employed, there is no interfer- 
ence whatever from the Malabar station working at a slight 
wave length separation from the incoming signal, even tho this 
very powerful transmitter is only 9.5 kilometers (5.9 miles) away, 
thus demonstrating the purity of the wave of both transmitters. 
The other structure shown is ап exchange or central from which 
wire lines branch out to the large towns of Java, to the Malabar 
transmitters, and to the various receivers. This central will be 
transferred to Bandoeng at a later date. Its present situation has, 
however, some advantages since no town in Java is a large busi- 
ness center in comparison with large European and American 
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cities. Therefore, except for the comfort of the staff, there is no 
great advantage in having the central located in a large town. 
Siemens high speed transmitters are used on the circuits lead- 
ing from the central station to the chief towns of Java. The 
Malabar transmitters are worked by Wheatstone equipment, 
even when operated at hand speed, to ensure accuracy and also 
enable the tape to be inspected before transmission, and to be 
stored against possible later claims for errors in transmission. 

The arc has been operated recently at higher speeds—up to 
sixty words per minute—reception in Holland being accomplished 
on а special receiver patented by the Dutch East Indian Govern- 
ment. The transmission is based on an entirely new principle, 
the keying for compenastion wave being done by a very small 
pneumatic relay which alters the frequency by only one-half of 
one part in a thousand in changing from the working to the spac- 
ing wave (at hand speed), and from one to one-and-a-half parts 
per thousand for high speed transmission. Such slight frequency 
changes are almost unnoticeable in the case of aural reception 
and are insufficient for copying on all other known forms of re- 
corders, especially at the longer wave lengths. The high degree 
of frequency constancy obtained at the Malabar arc station is 
evident from this method of reception. This method of trans- . 
mission removes the objection to the compensation wave system 
of keying, enables the use of light and quick-acting control . 
mechanism (which is of great advantage in very high power 
stations), and even without the use of a code (which limits the 
operating speed) provides practically absolute secrecy against 
amateur reception. A portion of a test tape made in Holland on 
the Malabar reception is shown in Figure 39. This illustrates 
hand speed and higher speeds up to 45 words per minute. 
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The Malabar transmitter PKX operates on the 15,600-meter 
wave using the arc transmitter or alternator every day except 
Sunday from 23.40 to 10.40 with brief interruptions when local 


721 


traffic is being handled. Operation is also carried on using the 
arc on the 13,400-meter wave from 12.40 to 18.40; and from 
18.40 to 23.40 the arc or alternator is used mostly on the 7,700- 
meter wave (altho at times the 13,400- or 15,600-meter wave is 
used during this schedule). All the above are Greenwich Mean 
Time. Station PKX can be copied almost continuously at the 
Radio Corporation of America and Naval stations on the Pacific 
Coast of the United States. It has been copied during a six-hour 
stretch at its antipodes—Curacao—during the previously men- 
tioned 24-hour tests. Communications relative to the reception 
of this station at remote points, if addressed to the Editor of the 
PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, will be 
promptly forwarded to the administration of the station, who, 
it is known, will be glad to obtain either graphic records or data 
on ear reception of this station. 

SUMMARY: The construction of the Malabar, Java station of the Dutch 
East Indian Administration for direct communication with Holland is de- 


scribed. The antenna structure, high power and low power arcs, the alter- 
nator transmitter, and the receiving arrangement are considered. 


SHORT-WAVE RADIO BROADCASTING* 


By 
FRANK CONRAD 


(WESTINGHOUSE ELECTRIC AND MANUFACTURING СОМРАМУ, East 
PITTSBURGH, PENNSYLVANIA) 


During the year of 1920 the author, for a hobby, maintained 
a radio transmission schedule with Mr. J. C. Ramsey, of Boston, 
with the power then available, that is, about 100 watts in the 
antenna; communication was very uncertain during the summer 
months and, in fact, had to be abandoned during the particu- 
larly unfavorable periods owing to the reduction of the received 
signal and the increased interference from strays. The radio 
frequency employed in these transmissions was about 1,200 
kilocycles (250 meters). Being aware of the reduction of atmos- 
pheric strays on the higher ranges of frequency then in use, and 
from some experiments in listening to harmonics from other 
transmitting stations, the author was convinced that there were 
greater possibilities of improvement in reliability of transmission 
by increasing the frequency than by decreasing it, as was the 
general tendency at that time. Accordingly, a series of tests 
were run between Mr. Ramsey’s station (1XA) in Boston and 
the author's station (8XK) in Pittsburgh. The cooperation of 
the station of the Massachusetts Institute of Technology (IX M), 
and that of Mr. R. D. Decker (1RD), of Boston also was enlisted 
in the tests. These tests were made during the spring of 1921 
and consisted of a series of transmissions from each of the Boston 
stations at various wave lengths and of measurements at Pitts- 
burgh of the audibility of received signals. 

The curves in Figure 1 show the ratio of signal strength from 
the different stations at the various wave lengths operated on. 
The transmitters were adjusted to give à maximum output .at 
each wave length, with a constant input to the oscillating tubes. 
Owing to the great variability of the strength of night signals and 
the small numbers of observarions taken, the results served as 
only erude approximations, but they indicated some gain of sig- 

* Received by the Editor, April 14, 1924. Presented before Tue Instr- 
TUTE OF h ADIO 1. NGINEERS, New York, April 16, 1924. 
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nal strength as the frequency was increased, which, coupled with 
the great reduction in interference from strays on the higher fre- 
quencies, would increase the reliability of transmission with a 
given antenna power. 
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To permit of further observations, the equipment at 1ХА 
апа at ХК was remodeled to better adapt it to the higher fre- . 
quencies. The circuit finally used is seen in Figure 2, which, for 
the sake of clearness, shows the radio frequency oscillating cir- 
cuits only. The equipment consists of a coupled circuit in which 
the local oscillating circuit is coupled to the antenna circuit thru 
the coupling condenser (С). With this arrangement it is unneces- 
sary to extend the antenna down-lead into the building contain- 
ing the radio equipment, and as the current in the coupling wire 
is small, because it represents the energy component only, a com- 
paratively small conductor can be used. This small current mini- 
mizes losses due to radio frequency fields. The operation of this 
transmitting scheme was so satisfactory that it was adopted for 
the several broadcasting stations operated by the Westinghouse 
Company. The entire system has been described in a previous 
paper by Mr. D. G. Little. 

As no coupling coils are required, the antenna can be operated 
at its fundamental without the introduction of loading con- 
densers or inductances. The fundamental of the antenna at 
8XK was approximately 2,700 ke. (110 meters), at which fre- 
quency it was operated. The fundamental of the much smaller 
antenna used at 1XA was approximately 5,000 Кс. (60 meters), 
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and transmissions were carried on from this station on frequencies 
ranging up to this value. The transmission tests during the fol- 
lowing year between these two stations indicated much greater 
reliability of communication than during previous operation on 
1,200 kc. (250 meters). In fact, with the same power which had 
previously been employed, there were seldom any conditions 
under which night transmission by straight continuous wave 
telegraph could not be carried out. 


Antenna 


Primary Oscillating Cirew? 


FIGURE 2 


As it was evident that the greatest use of these high frequen- 
cies would be over the longer distances where communication 
becomes difficult with the ordinary broadcasting frequencies, 
it was decided to build a transmitter with sufficient power re- 
liably to cover the range then somewhat uncertainly covered 
by the broadcasting stations of the usual power; that is, about 
500 watts. This transmitter was then built as an adjunct to the 
transmitting equipment of KDKA, at Pittsburgh, thereby per- 
mitting of more continuous observation by transmitting the 
program of KDKA simultaneously on its regular broadcasting 
wave and on one of a higher frequency. 

The general scheme of the transmitter is the same as that 
just described. The antenna shown in Figure 3 consisted merely 
of a vertical pole mounted on the flat roof of one of the factory 
buildings; the pole being directly connected to the building struc- 
ture. In order to eliminate high resistance joints in this pole, 
a number of continuous copper strips were fastened to its sur- 
face and at the foot of the pole these strips were carried out over 
the roof, forming an extended ground. Measurements showed 
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that nearly all the current was confined to the copper strips, 
altho a small percentage was conducted down thru the iron pole 
to the building frame. The degree of coupling between the an- 
tenna and the local oscillating circuit is determined by the point 
of connection of the leads on the pole or coil and on the impe- 
dance of the coupling condenser. 


In the operation of this transmitter, difficulty was experi- 
enced in maintaining a fixed frequency. When operating, the 
wave would vary thru a range of frequencies of as much as 1,000 
cycles, so that it was very difficult to carry on telegraphic recep- 
tion by the heterodyne method or to receive telephone signals 
on a sharply tuned set. This variation of frequency was appar- 
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ently due in part to changes taking place іп the various circuits 
of the building, which acted as an extended ground. Any alter- 
ation of circuits in the interior of the building was found to have 
a slight effect on the resonant frequency of the antenna. 

To overcome this difficulty, the vertical-pole antenna was 
replaced by the conventional form of inverted “L” with insulated 
counterpoise, the counperpoise being placed about 12 feet (3.7 m.) 
above the building. This arrangement was found to overcome 
the abrupt frequency shifts, but there remained the general 
irregular fluctuations of this frequency due to various causes, 
such as the vibration of connecting wires or the variation of 
plate supply voltage. To overcome the effects of vibration, 
the inductances were wound from strap on heavy frames, 
and all connecting conductors were made from copper tubing 
rigidly supported on insulators. The small remaining vibration 
due to machinery in the building was eliminated by suspending 
the whole transmitting structure from a set of springs. To im- 
prove the regularity of the supply voltage, power was supplied 
to the transmitter thru separate lines run direct to a special 
generator in the powerhouse. The effect of these precautions 
was greatly to improve the constancy of frequency. 

For telegraphic communication it was found preferable to 
signal by key modulation or the so-called spacing wave rather 
then by totally interrupting the antenna power; the use of the 
spacing wave eliminating key clicks in receiving sets tuned to 
broadcasting waves. The spacing wave was about 500 cycles 
removed from the signal wave, this shift being brought about 
by shunting a small capacity across one turn of the primary 
tuning inductance. Тһе amount of energy in this additional 
shunt circuit was so small that it could be controlled by a relay 
similar to the ordinary telegraph relay. In the final form of 
relay, no contacts were used, the change in capacity shunted 
across one of the turns being brought about by the movement of 
a metal plate attached to the relay arm, and it was found that 
` a plate about two inches (5.08 cm.) in diameter moving thru a 
distance of one-eighth inch (3 mm.) was sufficient to control a 
transmitter delivering 1 kilowatt to the antenna. 

This transmitter was equipped with four 250-watt air-cooled 
“ oscillators and five modulators of similar type, the modulator 
tubes being disconnected when the set was operated for teleg- 
raphy. The four oscillators delivered approximately 800 watts 
to the antenna circuit. 

The first transmission experiments were carried on between 
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Pittsburgh and Cleveland, attempts being made at Cleveland 
to pick up the high-frequency signals and relay them thru a small 
broadcasting set installed there. On the night of October 
27, 1922, KDKA's program was first relayed in Cleveland 
from 8:00 to 10:00 P.M. Cleveland is only about 110 miles 
(176 km.) from Pittsburgh by air line, but lies іп one of 
those peculiar radio areas where reception of signals from Pitts- 
burgh is comparatively difficult. It was found that the signals 
received at Cleveland from this high-frequency transmitter were 
very much louder than those received from the regular broad- 
casting transmitter, having about the same power output. It 
also was found that the signals were nearly as loud during the 
daylight hours as at night. However, the following peculiarity 
was noted: When operating at 3,300 kilocycles (91 meters), the 
signals were somewhat louder at night, but when operating at 
3,750 kilocycles (80 meters), the signals were louder during the 
daylight hours than during the night. Interworks communica- 
tion was carried on for a short time with the messages being trans- 
mitted by telephone on a wave length of 80 meters during the 
daylight hours, but changed to 90 meters when darkness came on. 

At first serious difficulty was experienced іп obtaining 
good quality from telephonic transmission, the signals received 
being very much distorted. This distortion was found to be 
caused in part by frequency changes caused by variations of 
average plate current by modulation, and to a peculiar effect 
of high-speed fading, which at times became so marked as to give 
an audible noise in the receiving station even tho a perfectly con- 
tinuous unmodulated wave was being radiated from the trans- 
mitter. The distortion due to changes of oscillating constants 
in the transmitter caused by modulation was reduced by careful 
adjustment of the set. However, the distortion due to causes 
existing іп the intervening space could not be entirely overcome, 
but it was minimized by the employment of a comparatively 
strong signal; a hand adjustment was employed to compensate 
somewhat for the changes due to slow fading. 

During 1922 some development work was made on a special 
type of transmitter for operation on 3,000 kilocycles by F. W. 
Dunmore of the Bureau of Standards. Transmission experi- 
ments with this equipment at Washington and the set at 8XK 
indicated a daylight signal strength which was only slightly less 
than that of the night signal. 

Reports received from various sections of the country on 
comparative signal strength of the two waves from КОКА, indi- 
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cated the possibilities of establishing a broadcasting system 
which would cover the entire country with a comparatively high 
degree of reliability. To carry out this scheme, it was thought 
advisable to install a transmitter about midway between the 
Pacific Coast and Pittsburgh to act as a repeater station. Hast- 
ings, Nebraska, was selected as the location for this station, its 
distance from Pittsburgh not exceeding that which our tests 
indicated could be covered with fair reliability. 

Analysis indicated that an antenna input of possibly 10 kilo- 
watts would be required for reasonable reliability. Accordingly, 
two complete new transmitters were built; one being installed 
at East Pittsburgh and one at Hastings. The tubes used in these 
sets are water-cooled 10-kilowatt capacity, but to allow an ample 
margin two tubes are operated in parallel as oscillators and two 
as modulators. The plate voltage is eight thousand volts. Ав 
might be expected, this increase in power brought with it a train 
of miscellaneous difficulties one of them being the construction 
of a condenser which could handle the large kilovolt-amperage 
required. — Mica condensers of conventional design which had 
been used on the previous sets were found to be very unsatisfac- 
tory for the higher power, owing to their greatly reduced kilovolt- 
amperage capacity at these higher frequencies. A type of oil 
condenser was developed which, altho simple and comparatively 
inexpensive, gave very satisfactory results. This condenser 
is shown assembled in Figure 5 and in partially disassembled con- 
dition in Figure 6. 

The tvpe of inductance used which is shown in Figure 7 con- 
sists of a helix of thin copper ribbon wound on Pyrex glass blocks 
supported on a rigid frame of vacuum-impregnated wood. The 
assembled transmitter units comprising rectifiers, modulator, and 
oscillator are shown in Figure 8. Тһе scheme of connection 18 
shown in Figure дала the arrangement of the antenna in Figure 10. 

The transmitter at East Pittsburgh was designed to operate 
only within the frequency range of 3,000 to 3,600 kc., but the 
set at Hastings was designed to operate at a frequency within this 
range or at a lower one, within the regular broadcasting range. 
This arrangement permitted operation under a scheme in which 
the short wave signals being transmitted from KDKA could be 
received in Hastings, and from there re-transmitted on the regular 
broadcasting wave (800 ke.). With the power available the sig- 
nals from this station would, during the favorable season of the 
year, be received over the entire United States with a good signal 
—stray ratio. 


It was possible also to re-transmit from Hastings оп а high fre- 
quency wave which was necessarily spaced sufficiently from the 
incoming wave of station КОКА to prevent feed-back troubles 
in the receiving equipment used at Hastings. Advantage then 
could be taken of the better transmission efficiency of the high 
frequency wave when it was desired to reach the Pacific Coast 
with a signal capable of again being relayed. 


Figure 5 


The receiving atation used at Hastings developed some 
troubles which, altho not entirely unforseen, yet were of consider- 
ably greater magnitude than had been expected. 

Hastings is a small city, the population being less than fifteen 
thousand, and contained no feature which would ordinarily be 
expected to set-up interfering strays. When the high frequency 
receiving equipment was installed in the central part of town, 
it was found that a fairly complete log could be obtained of the 
operation of nearly every X-ray, violet ray, and massage machine, 
as well as the number of street lights and elevator motors that 
were being operated. This, of course, does not imply that satis- 
factory audibfe signals could not be received, but it did indicate 
that for repeating purposes a considerably higher signal-stray 
ratio was required. 

The signal distortion which was noted in preliminary experi- 
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ments at Cleveland was experienced, as might be expected, to a 
more marked degree at Hastings, but was subject to great ir- 
regularity of intensity; some nights the received signals being 
practically undistorted while on other nights speech would be 
unintelligible. Тһе greatest factor in bringing about this dis- 
tortion was apparently the peculiar high-speed fading and flut- 
tering of signals. From observations of fading, phenomena as 
related to ordinary broadcast waves, it is known that the phase 
of the fading cycle is not constant over the whole area within 
which asignal can be received; but, in fact, may show a consider- 
able change at receiving stations located within a few wave 
lengths of each other. 


FIGURE 6 


To take advantage of a possible overlapping of the fading 
cycle, two receiving stations were installed, the distance between 
these stations being about three miles (4.8 km.). As they were 
not on a line intersecting the transmitting station, the actual 
difference in distance to Pittsburgh was about two miles (3.2 km.). 
This arrangement incidentally solved the local stray problem 
as the receiving stations were installed in the outlying farm dis- 
tricts beyond the disturbing radius of the town’s activities. The 
receiving equipment, a diagram of which is shown in Figure 11, 
consists of a conventional coupled circuit tuner, detector and two 
stages of audio amplification. The inductance and capacity 
elements, which are connected in parallel with the primary tun- 
ing element, constituted wave traps which served to eliminate 
interference from the local transmitter. To provide ample out- 
put and to minimize distortion, two tubes are used in the second 
audio stage. These are connected in push-pull fashion. The out- 
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put transformer of the amplifier is wound to the proper step- 
down ratio to suit it to the connecting lines between the receiving 
and transmitting station. At the transmitting station the in- 
coming lines from the two receiving stations may be paralleled 
and connected to the input terminals of an additional amplifier 
which steps up the received voltage to the value necessary for 
control cf the modulator tubes. 


FIGURE 7 
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To provide for remote control of the receivers, а connection 
is made to the center of the line transformer windings whereby 
direct current may be sent over two lines in parallel in connec- 
tion with a ground return. This serves to operate a relay at the 
receiving station for controlling the receiving tube filament cir- 
cuit; the receiver having been previously tuned to the incoming 
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control cf the modulator tubes. | 
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To provide for remote control of the receivers, а connection 
is made to the center of the line transformer windings whereby 
direct current may be sent over two lines in parallel in connec- 
tion with a ground return. This serves to operate a relay at the 
receiving station for controlling the receiving tube filament cir- 
cuit; the receiver having been previously tuned to the incoming 
signal wave. 
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The use of multiple receiving stations at certain times were 
found to reduce materially the signal distortion. At other times, 
however, it seemed to have no effect, so that the arrangement, 
altho effecting an improvement, could not be considered a solu- 
tion. It is hoped, however, that investigation of the best sepa- 
rating distances between the receiving stations may produce 
further improvement. 
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From experiments, which have been carried out, the most 
promising possibilities of undistorted transmission appeared to 
be in the selection of the particular frequency which will give the 
minimum fading distortion; this frequency value possibly vary- 
ing from day to day. 

The general trend will be toward a higher frequency, the 
limitation in this direction being those incident to the building 
of transmitting equipment of the capacity required. 

Experiments which have been carried on heretofore on what 
might be termed ultra-high frequencies, were at comparatively 
low powers. The low power units, however, except in certain 
particulars such as directivity, would not compete in transmit- 
ting ranges with even the smaller conventional wave broadcast 
equipments. 

The upper frequeney limit of the sets now installed at Pitts- 
burgh and Hastings is about 3,800 ke. (79 meters), the principal 
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limitation being the current-carrying capacity of the grid lead-in 
connections and the heating of glass parts due to radio frequency 
electrostatic fields. This limitation will be appreciated when it 
is known that the grid charging current at about thirty-eight 
hundred Ке. is approximately ten amperes. 
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New tubes are now іп the course of construction which 
should permit an increase of frequency to possibly 6,000 Кс., at 
which value when under full power, the set, like the traditional 
“опе-һогве shay"' probably will reach a general break-down limit. 

So far, no accurate measurements of absolute signal strength 
have been made, but there has been taken a rough survey of the 
country, to determine the signal strength at various locations. 
A number of small receiving sets consisting of a tuning element 
detector and one stage of audio amplification were sent to various 
parts of the United States, England, and Canada. These sets 
were used with the same general type of antenna. The antenna 
used had a total length of 15 ft. (4.6 m.) and was usually strung 
indoors. With this receiving equipment, telephone transmission 
was intelligible in nearly every location with audibilities ten times 
and upwards. 

The reduction of signal strength with the increase of distance 
from the transmitter differs widely from that which might be 
expected. Within a few miles of the transmitter the signal 
strength from the high frequency transmitter is about one per- 
cent of that from the regular broadcasting wave transmitter. 
There are areas а few hundred miles distant where this approxi- 
mate ratio is reversed. 

As we approach the limits of range of the regular broadcast- 
ing transmitter, we are all familiar with the phenomena of good 
reception on some nights and no detectable signals on other 
nights. At these distances the signals from the high frequency 
set are markedly uniform, reception in general being possible 
on the receiving set just described. Reports received from the 
sets installed in England indicate that the intelligibility of re- 
ceived signals is determined in a great measure by the degree of 
distortion due to fading, rather than by actual signal strength. 

It seems almost a flight of fancy to state that signals from 
East Pittsburgh are picked up in England on the two-tube dry 
cell detector used with an antenna from 10 to 15 feet (3 to 4.6 m.) 
long and the whole inside of a building, but it is a fact. 

The areas of intense signal strength brought out unlooked- 
for defects in the selectivity of receivers adapted to receive the 
usual broadcast wave. At first, when we started operating the 
high frequency transmitter at KDKA, comments came in on the 
broadness of the KDKA wave and each step of power increase 
of the high frequency transmitter would open up new areas where 
the general comments would be “Тһе KDKA wave was all over 
the scale." This phenomena applied to all types of tuners. The 
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apparent lack of selectivity of the tuner was due to the fact that 
sufficient signal voltage was being induced in the antenna to give 
a response of the detector independent of any building-up due 
to resonance. This condition was illustrated by several experi- 
mental transmissions sent out from Hastings. This station 
transmits two local musical concerts each week on the regular 
broadcasting wave. The transmitting frequency of several of 
these concerts was shifted to the high-frequency wave; that is, 
in place of being transmitted on the regular wave of 880 kilo- 
cycles, they were transmitted on a wave of approximately 3,000 
kilocycles. A great number of letters were received from listen- 
ers, indicating a quite general reception of these high-frequency 
transmissions, altho the receivers were in most cases the usual 
type of broadcasting receivers, having a frequency limit of about 
1,500 kilocycles. However, the almost universal comment was 
that the reception was particularly good as regards signal strength 
but that the station could not be tuned out, it being equally loud 
on all parts of the tuning scale. Some of the letters received from 
as far as 1,000 miles (1,600 km.) away indicate reception on re- 
ceivers of the simple crystal detector type. | 

The simplest method of eliminating interference from these 
high frequencies is the use of a wave trap, or resonant circuit, 
tuned to the high-frequency wave and connected from antenna 
to ground terminals of the receiver. This trap, if made with a 
comparatively low value capacity unit, will have an inappre- 
ciable effect on signals of ordinary frequencies. - 

The results obtained so far indicate that, altho there is con- 
siderable further development required, the use of these higher 
- frequencies will be a decided forward step in extending the range 
of broadcasting stations. For comparatively short distances 
there seems no particular advantages to be gained over the nor- 
mal waves other than the possibility of increasing the number of 
communication channels. However, it is in the possibility of 
greatly extending the broadcasting radius that the greatest 
promise lies, the first application being the broadcasting of items 
of international interest and importance. Several transmission 
schedules have been carried out thru the East Pittsburgh- 
Hastings transmitters which indicate these possibilities. 

On November 22, 1923, a talk given at Pittsburgh by Mr. 
Е. H. Sniffin was received at a meeting of the National Electric 
Light Association being held at Salt Lake City, the transmission 
circuit being from КОКА to КЕКХ (Hastings, Nebraska), оп 
3,000 kiloeycles; from there re-transmitted at 1,050 kilocycles, 
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at which frequency it was received at Salt Lake City. This 
event possibly marks the first regularly scheduled long distance 
relay transmission. 

Tests were also being carried on between an experimental 
receiving station located at the Metropolitan-Vickers Electrical 
Company’s Works in Manchester, England, on the high-frequency 
waves transmitted from KDKA. So successful were prelimin- 
ary tests that it was decided to institute a special service for 
English listeners. Arrangements for the event occurred near 
the close of the year 1923, so it was decided to hold the actual 
broadcasting of the first English program from KDKA until 
the New Year. Accordingly, New Year’s Eve, Mr. H. P. Davis, 
Vice-President of the Westinghouse Company, broadcast a New 
Year's greeting from the “Pittsburgh Post" Studio. This greet- 
ing was transmitted at 7:00 P. M., Eastern Standard Time, 
which, because of the difference in time, was 12 o’clock in Great 
Britain. This message was received on the short-wave receiver, 
was transmitted from station 2ZY of the Metropolitan-Vickers 
Company and was simultaneously transmitted from the other 
seven stations of the British Broadcasting Company. This was 
the first pre-arranged regular broadcasting sent to England for 
re-broadcasting, from KDKA. 

All of you, probably, are familiar with the transmission of the 
dinner held by the Massachusetts Institute of Technology 
Alumni at New York City on March 7. By several relay stages 
the speeches and music at this dinner were received over the 
greater part of the English-speaking world. At this time the 
signals were transmitted from the Waldorf-Astoria Hotel, where 
the dinner was held, to the Radio Corporation’s station (WJZ) 
at New York and the General Electric Company’s station 
(WGY) at Schenectady by direct wire connection. At Schenec- 
tady the signals were transmitted by radio on their regular 
broadcasting wave, as well as on the high-frequency wave of 
approximately 2,900 kilocycles. Both these waves were received 
at Pittsburgh and re-transmitted by KDKA on 920 kilocycles 
and on 3,000 kilocycles. At Hastings the 3,000-kilocycle wave 
was received and re-transmitted at 1,050 kilocycles. At Oakland, 
California, both the 1,050 kilocycle wave from Hastings and the 
3,000-kilocycle wave from East Pittsburgh could be received. 
This latter wave was received with the greatest signal intensity 
and was therefore used in re-transmitting on their regular broad- 
casting wave of 900 kilocycles. In addition to this, the 3,000- 
kilocycle wave from East Pittsburgh was received in England 
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and re-transmitted thru several of the British Broadcasting 
Company’s stations. The success of this undertaking serves to 
show the possibilities of this high-frequency relaying system. 


SUMMARY: А brief history of short wave broadcasting as carried on under 
the direction of the author is given, together with the difficulties encountered 
and the results obtained. The transmitter and receiver employed experi- 
mentally for repeating КОКА” programs from КОРМ at Cleveland аге 
described. The high power short wave transmitter at 8 XS (Pittsburgh) is 
described particularly in regard to the radio frequency condensers and in- 
ductances required. A description of the receiver and transmitter at the 
Hastings, Nebraska, repeating station KF KX is given. 


DISCUSSION 


Greenleaf W. Pickard (by letter) :* Mr. Conrad's timely paper 
is one of deep significance to radio engineers. For a quarter cen- 
tury the higher transmission frequencies have remained in in- 
nocuous desuetude, while the infra-red of the radio spectrum has 
been investigated and utilized. But now that the ultra-violet 
had been harnessed, we may expect a rapid extension of our 
knowledge in this direction, and the certain addition of many 
useful frequency channels. | 

From the time that КОКА at Pittsburgh began its high fre- 
quency broadcasting I have been an interested observer, and for 
some time past a recorder as well. When WGY at Schenectady 
began a similar transmission, I was able to make reception com- 
parisons at my laboratory at Newton Centre, Massachusetts, 
from transmitters at nearly equal frequencies at distances of 760 
and 225 kilometers (475 and 145 miles), respectively. And altho 
a fair picture of broadcast transmission at 3,000 kilocycles 
(100 m.) would require a far more extensive investigation than 
mine, I feel that certain of my results may be of interest. 

Thru the courtesy of the Westinghouse Company, KDKA 
radiated for me at its two frequencies, 920 and 3,000 kilocycles 
(326 and 94 m.), thru dawn and sunrise of January 15th and 16th, 
1924, and in Figure 1 is shown the record of these two trans- 
missions. 
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FIGURE 1 


On these two mornings sunrise at Newton was at approxi- 
mately 7.11 A. M., and the records show that this was an epoch 
time for the 920-kilocycle field, which then sank to its normal 

*Received by the Editor, May 6, 1924. 
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low daytime intensity. But the 3,000-kilocycle field continued 
without material change thru sunrise at both Newton and, thirty- 
six minutes later, sunrise at Pittsburgh. At 8.03 A. M. the high 
frequency field fell off markedly, and finally at 8.24 A. M. it 
reached its normal low daytime intensity, an hour and thirteen 
minutes after the 920-kilocycle field. 

Thru the day both the 920- and 3,000-kilocycle fields are too 
near the disturbance level for satisfactory recording. But two 
or three hours before sunset at Newton the 3,000-kilocycle field 
begins to rise, and good reception can usually be obtained at this 
frequency for nearly two hours before the 920-kilocycle field has 
risen sufficiently above the noise background for reception. So 
far as Newton Centre is concerned, KDKA’s high frequency 
radiation has therefore added at least three hours of possible 
reception to the day. 

WGY at Schenectady, now radiating at 790 and 2,800 kilo- 
cycles (380 and 107 m.), and at less than one-third the distance 
of KDKA from Newton, is well above the noise background at 
any hour of the day or night at its higher frequency. But the 
2,800-kilocycle field shows severe and rapid fading, both by night 
and by day. Figure 2 fairly represents the normal daytime 
fluctuation of this station at its higher frequency. The normal 
790-kilocycle transmission from this station, as I have shown 
in a recent рарег,! shows practically no daytime fading in New- 
ton. 


WGY MARCH 204 16,1924. MORNING AND AFTERNOON АТ 2800 KILOCYCLES. 
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FIGURE 2 


Another interesting effect of high frequency transmission is 
its penetration of steel frame buildings. Тһе other evening, in 


! "Short Period Variations in Radio Reception," PROCEEDINGS OF THE 
( NsTITUTE OF Каро ENGINEERS, volume 12, number 2, 1921, Figure 7. 
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my room on the fifteenth floor of the Commodore Hotel іп New 
York, I was able to receive KDKA at 3,000 kilocycles with excel- 
lent intensity on a small indoor antenna, whereas, with approxi- 
mately the same amplification, there was no trace of the 920- 
kilocycle wave; an indoor field difference of certainly a hundred- 
fold. A similar difference was also observed with WGY. 

Night-time reception of КОКА at Newton at 3,000 kilo- 
cycles is frequently marred by a severe and curious impairment 
of quality, usually accompanied by a rushing or roaring sound. 
Similarly, in receiving WGY either by night or day at 2,800 kilo- 
cycles, there is an even more pronounced and frequent distortion. 
By using a string galvanometer for recording, I have discovered 
that the distortion is caused by an ultra-rapid fading, the fluc- 
tuation frequently being at audio frequencies. In Figure 3 is 
shown one of these records. | 


WGY MARCH 20,924, 2800 KILOC 
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FIGURE 3 


This record was made at a time when the station was not 
modulating, and shows а number of bursts of high frequency 
fading. Altho a careful examination of the record shows that 
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these bursts are not exactly musical notes, but rather oscillo- 
grams of noise, frequencies of at least seventy cycles are not 
uncommon. 

It is only necessary to listen in for an evening with fair am- 
plification to observe that the frequency band from 3,000 to at 
least 6,000 kilocycles is far from a silent one. Altho the static 
and general noise background is usually several times less than 
in the normal broadcasting range, this region is harmonically 
haunted by many transmitters, including a number of broad- 
casters. At Newton I can usually hear WHN, New York, on 
its fourth harmonic at about 3,300 kilocycles; WFI, Philadelphia, 
on its fifth at 3,800, and even KYW, Chicago, on its eighth at 
4,480, not to speak of the myriad amateur continuous wave har- 
monics. So far the high frequency band has been largely spared 
the wail of the mishandled regenerative receiver, that chorus of 
the damned which so sorely afflicts the normal broadcasting 
band. But now that the newspapers are publishing detailed de- 
scriptions of single circuit regenerators for 3,000-kilocycle recep- 
tion, this happy state will soon vanish. Perhaps the only way 
any frequency channel can be swept free of this pest is to fill it 
with transmission of such a character that a very complicated 
reception system is needed for its unscrambling. 

However, harmonic radiation from broadcasting stations is 
not entirely a waste product; I have found it distinctly useful. 
It is, for example, a most excellent thing with which to study 
high frequency reception at many other frequencies and dis- 
tances than those of КОКА and WGY. In Figure 4 the upper 
record is from WEAN, Providence, Rhode Island, 60 kilometers 
(38 miles) distant, on its second octave at 4,400 kilocycles. This 
harmonic is very weak in Newton by day, but at night WEAN’s 
field at this frequency is quite strong. The second record is from 
WBZ, Springfield, Mass., 118 kilometers (74 miles), also on its 
second octave at 3,560 kilocycles. 

In the third record, shown for comparison, is WBZ at its 
fundamental of 890 kilocycles (337 m.), this record being made 
on the same evening and only a few minutes after the second 
record. It is interesting to note that reception from WBZ on the 
harmonic is generally far worse in quality than on the funda- 
mental, as the high frequency is severely afflicted with ultra- 
rapid fading. 

Altho based on very meagre data, my present feeling is that 
transmission in the neighborhood of 3,000 kilocycles is somewhat 
limited in its applications. It certainly does not carry speech or 
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music well from Schenectady to Newton, а distance of 225 kilo- 
meters, and altho from Pittsburgh to Newton, a distance of 760 
kilometers, the quality of the transmission is much better, it is 
still inferior to the normal 920-kilocycle radiation. Judging sim- 
ply from my hotel experience, it may be an excellent means of 
reaching the city cliff-dweller in his cage of steel. Overland, 
for distances of over two or three hundred kilometers, its princi- 
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pal usefulness is for night transmission, as the sun finally kills its 
field. Over salt water my observations of this frequency are 
limited to trans-Atlantic reception, and here, also, daylight is 
fatal. Simultaneous records made at slightly separated receiv- 
ing points have shown such marked differences that some form 
of distributed pick-up is strongly indicated as a means of reducing 
distortion. 

Ап extended investigation of transmission at frequencies 
materially higher than 3,000 kilocycles is now very much in 
order. Among other things, it would be interesting to compare 
the fading for a beam with that for distributed radiation; if our 
hypothesis have any real footing there should be а marked 
difference. | 


BROADCAST TRANSMITTING STATIONS OF THE 
RADIO CORPORATION OF AMERICA* 


By 
JULIUS WEINBERGER 


(RESEARCH ENGINEER, TECHNICAL AND TEST DEPARTMENT, RADIO CoRPORA- 
TION OF AMERICA, NEW YORK) 


The purpose of this paper is to describe the general arrange- 
ment, apparatus and operation of the radio broadcasting stations, 
with their associated wire line facilities, established by the Radio 
Corporation of America in the cities of New York and Wash- 
ington, D. C., and placed in operation during the spring and sum- 
mer of 1923. | 

The New York City station is known as ‘‘Broadcast Central," 
and transmits on two wave lengths or channels simultaneously, 
these being at present 455 and 405 meters (660 and 740 Кіо- 
cycles). Its call letters are WJZ and WJY, respectively. The 
Washington station has a single channel only, with the call 
letters WRC, and transmits at present on 469 meters (640 kilo- 
cycles) wave length. All channels deliver approximately 500 
watts to the antenna, at the carrier frequency. Іп all cases com- 
plete duplicate units of equipment are provided, with the excep- 
tion of the antenna, and these can be thrown into action, in most 
cases, by means of relays, should failure occur in any part of the 
working equipment. This precaution has proven of great value 
in practice, in maintaining the uninterrupted service demanded 
of broadcasting stations located in large cities. 

In addition to its own studio, each station has wire line 
facilities for the transmission of events occurring at outside 
points (for example, concert halls or theatres), these lines being 
connected to the radio transmitter thru appropriate means. Wire 
connections have also been established, linking the New York 
and Washington stations, as well as station WGY of the General 
Electric Company at Schenectady, New York, so that programs 
originating at any one of these stations may be transmitted from 
another, or simultaneously from all three. 

*Received by the Editor, Мау 13, 1924. Presented before THE Їхзтї- 
TUTE оғ Rapio Емсімкенз, New York, June 4, 1924. 


745 


BROADCAST CENTRAL 
GENERAL 


As mentioned above, this station was designed to transmit 
on two channels simultaneously. Originally the intention was 
to utilize one channel exclusively for classical music, instructional 
lectures, and serious types of entertainment generally, while the 
other channel was to be used for popular music, athletic events 
and lighter forms of entertainment; so that the listener might 
choose the particular kind of amusement which pleased him best. 
This plan has been adhered to, so far as possible. 

In considering the location of the station, it was felt from the 
first that this should be conveniently accessible for artists, and 
should be such that short wire lines could be run directly to 
theatres and other places of amusement from which entertain- 
ment material might be obtainable. 

The site finally chosen was the Aeolian Building in West 
42nd Street, between Fifth and Sixth Avenues, New York City 
(Figure 1). This building is practically the musical center of New 
York, housing Aeolian Hall (where many concerts are given 
thruout the year), and the offices of the representatives of many 
of the foremost musicians and musical organizations. It is also 
near the center of the theatrical district, which makes it easily 
accessible for artists; and sufficiently far out of the highly atten- 
uating tall building zone of lower Manhattan Island so that the 
signal intensity from the transmitting station was expected to be 
good in the residential sections of New York. 

The Aeolian Company arranged to lease space to us on the 
sixth floor of their building for studios, control room, and offices, 
while the transmission apparatus was placed in a specially built 
house on the roof (about 200 feet (61.5 meters) above street 
level), where two self-supporting steel towers were also erected 
for the antennas. 

The general arrangement of the station is shown in Figure 2 
while a more detailed view of the arrangement on the studio floor 
is given by Figure 3. 

On the sixth floor are located the studios for each channel, 
with suitable reception and coat rooms for artists. Here also are 
offices for the Program Division, and for the operating staff, 
which offices are not shown in the figure. Between the two 
studios, a room called the “Control Room" is placed (described 
in detail later on), from which the technical operation of the 
station is governed. 

Тһе furnishings and color scheme of the studios and their 
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reception rooms were chosen with reference to the two-channel 
operation previously referred to. Thus the rooms of the ‘‘classi- 
cal" channel, WJZ, were finished in dignified and somewhat 
restrained fashion, while those of the popular or “jazz” channel, 
WJY, were decorated in bright colors with suitable hangings. 
Photographs showing the interior of these studios are given Іп 
Figures 4 and 5, respectively. On the end wall of the WJZ 
studio a mural painting was placed (the work of Mr. Leon Sod- 
erston), depicting the many types of broadcast listeners. This 
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FicunE 1—Site of Broadcast Central (Acolian Building) New York 


is faced directly by artists, when broadcasting, and by its appeal 
to the imagination helps to give them the feeling of a vast listen- 
ing audience. 
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The studio ceiling and walls are covered by an acoustical 
treatment! consisting of one inch (2.5 em.) thick, special acousti- 
cal hair felt next to the wall, with a layer of muslin stretched 
over the hair felt and spaced from it by half an inch (1.25 cm.) 
of air space. The muslin is painted with a special paint which 
transmits sound, so that the felt may absorb it. When the treat- 
ment is finished the impression of a solid wall is given the casual 
observer. This acoustical treatment is carried down the walls 
to a point about 3 feet (0.92 meter) from the floor line, and from 
this height to the floor a solid material, such as gypsum wall 
board, is used. This is done in order to avoid the damage which 
might be caused to the stretched muslin covering, were it used, 
by careless persons. 
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FicvRE 3—Arrangement of Rooms on the Sixth Floor, Aeolian Building 


The studio floors are covered with thick carpet and the furni- 
ture is heavily cushioned. All of these acoustical measures are 
employed in order to reduce the “reverberation time"? of the 
studios to a minimum. This is а customary procedure in broad- 
casting studios and is frequently the source of question on the 
part of musicians as well as scientists. 

W. C. Sabine found that good musical taste demanded а 
reverberation time of 1.1 second at 512 cycles for a room in which 

! [Installed by the Johns-Manville Company, New York City. 

? See "Collected Papers on Acoustics," by Wallace Clement Sabine, Har- 
vard University Press, Cambridge, Massachusetts. 'The reverberation time 
of а room is defined as follows: Assume a sound source to produce а sound 
intensity (energy), at a given point in а room, of 1,000,000 times the energy 
which would be just audible; if this source be stopped, the reverberation time 


is fes time taken for the sound energy at that point to fall to a just audible 
value. 
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The studio ceiling and walls are covered by an acoustical 
treatment! consisting of one inch (2.5 ст.) thick, special acousti- 
cal hair felt next to the wall, with a layer of muslin stretched 
over the hair felt and spaced from it by half an inch (1.25 cm.) 
of air space. The muslin is painted with a special paint which 
transmits sound, so that the felt may absorb it. When the treat- 
ment is finished the impression of a solid wall is given the casual 
observer. This acoustical treatment is carried down the walls 
to а point about 3 feet (0.92 meter) from the floor line, and from 
this height to the floor a solid material, such as gypsum wall 
board, is used. This is done in order to avoid the damage which 
might be caused to the stretched muslin covering, were it used, 
by careless persons. 
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Figure 3—Arrangement of Rooms on the Sixth Floor, Aeolian Building 


The studio floors are covered with thick carpet and the furni- 
ture is heavily cushioned. All of these acoustical measures are 
employed in order to reduce the “reverberation time"? of the 
studios to a minimum. This is a customary procedure in broad- 
casting studios and is frequently the source of question on the 
part of musicians as well as scientists. 

W. C. Sabine found that good musical taste demanded a 
reverberation time of 1.1 second at 512 cycles for a room in which 

1 Installed by the Johns-Manville Company, New York City. 

? Sce “Collected Papers on Acoustics,” by Wallace Clement Sabine, Har- 
vard University Press, Cambridge, Massachusetts. The reverberation time 
of a room is defined as follows: Assume a sound source to produce a sound 
intensity (energy), at a given point in a room, of 1,000,000 times the energy 
which would be just audible; if this source be stopped, the reverberation time 


18 ТЕ time taken for the sound energy at that point to fall to a just audible 
value. 
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piano music was to be given, in order to give the correct “ring” 
to the piano tones. However, were the studios designed for this 
value, objectionable resonance phenomena would be found, when 
using microphones to convert the sound to electrical energy. 


“ҡ“. 


Ficgure 4—Studio of Station WJZ, Broadcast Central, New York 


A possible explanation of this may be the following: When 
sound energy leaves a source, it spreads out in an air wave, the 
energy of whichis partly contained in pressure variation and partly 
in the velocity of motion of the air particles. The wave energy is 
thus lodged in two components, in a similar manner to that of an 
electromagnetic wave, in which the energy is contained in an 
electric and a magnetic field. When the sound wave strikes an 
obstruction, such as the walls of a room, energy is partly trans- 
mitted, partly absorbed, and partly reflected, the proportion of 
each varying with the material and composition of the obstruc- 
tion; so that at a given point in the room the resultant intensity 
at various frequencies due to sound coming directly from the 
source added to sound due to all reflections from obstructions, 
has one set of values for the pressure components and another 
set of values for the velocity components. Now, the human ear 
probably responds to both energy components in some measure, 
while all the microphone devices we have (with the exception 
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of the thermophone) respond largely to the pressure component. 
Thus, when we place a microphone at a point within a room, we 
obtain a response indicating only the pressure fluctuations at 
that point. while with the ear both pressure and velocity fluctua- 
tions would be indicated. Thus if a very large pressure with small 
velocity existed at one frequency and a small pressure with large 
velocity at another frequency, the microphone would give a 
widely different response at the two frequencies, being operated 
‚ mainly by pressure; while the ear. drawing its energy from both 
components. would give a fairly equal response. 


FIGURE 5—Studio of Station WJY, Broadcast Central, New York 


The usual solution of this difficulty is therefore to make the 
studios highly damped, so that there is as little reflection as 
possible from the walls. Then interference and resonance 
phenomena occur in a more limited measure, the microphone 
being arranged so as to be operated by the direct sound coming 
from the source. The calculated reverberation time of the WJZ 
studio is 0.4 second (at 512 cycles), as compared with the 1.1 
second value considered correct for ear listening. It is likely, 
however, that as we learn how to make converters of sound to 
electrical energy which simulate the ear more closely in their re- 
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sponse to the two energy components of sound waves, that the 
damping of studios will be reduced to a value more in accord with 
that for ear listening. 

Returning now to the layout of Figure 2, it will be noted that 
the control room is connected by means of cables to the wire lines 
for transferring material picked up outside the studios, to the 
transmitter house on the roof, and to the Aeolian Concert Hall 
(Figure 6). Between the control room and the WJZ studio a 
long narrow window is placed, and a door opening into the WJ Y 
studio, thru which the control operators may observe the per- 
formance going on in the studios. The control and supervisory 
apparatus is located near these observation points. 
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FIGURE 6—Stage of Acolian Hall 


A ventilating system is provided for blowing fresh air (heated 
in winter) into the studios and control room. Ап interesting 
point in connection with this is that by merely lining the ducts 
with hair felt 1 inch (2.5 em.) thick, all noise from the ventilating 
motor is reduced to inaudibility in the rooms, and sounds ema- 
nating from one studio do not pass into the other, or into the con- 
trol room, via the ventilating ducts. 

On the roof, four transmitters (a working transmitter and a 
spare transmitter for each channel) and duplicate batteries for 
each channel are provided. The exterior of the transmitter house 
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is shown in Figure 14 and the interior in Figures 15 апа 16, while 
a view of the antenna towers? and the antennas is given in 
Figure 7. 
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ЕсовЕ 7—Antenna Towers at Broadcast Central 


STATION ÁPPARATUS 


The apparatus used in broadcasting may be divided into: 

(a) Station apparatus, more or less fixed in place, used in 
connection with broadcasting from the local studios, or in con- 
nection with wire line transfer of material to be broadcast from 
points outside the studios. 

(b) Portable apparatus, such as microphones and amplifiers, 
for picking up material outside the studios, and arranged to con- 
vert sound energy to electrical energy of suitable value for wire 
transmission to the station, there to be broadeast thru the station 


? For the details of mechanical design of these towers as well as those of 
the Washington Station, see: Albert W. Buel: “Тһе Development of a Standard 
Design for Self-Supporting Radio Towers," PROCEEDINGS OF THE INSTITUTE 
OF Влого ENGINEERS, volume 12, page 58, 1924. 
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apparatus. The portable apparatus will be described іп а subse- 
quent section. 

A schematic wiring diagram of the station apparatus involved 
in broadcasting оп one channel is shown in Figure 84. Starting 
at the upper left hand corner of the figure, we have single stage 
amplifiers which are arranged for inputs from a studio microphone 
or wire line (in case of broadcasting from points outside the 
studio). The microphone is connected directly to the input 
transformer, while in the case of wire lines a 40-mile resistance 
artificial line is connected between the Ime and‘input transformer 
to lower the input energy to a level of the same order of magni- 
tude as that obtained from & microphone. Тһе voltage produced 
by а microphone across the terminals of the input transformer is 
about two millivolts, while at the end of a line, а signal of about 
two-tenths of a volt is usually available. 

The first stage is resistance coupled to the input side of a 
special amplifier designed to give uniform amplification over the 
frequency band from 100 to 4,000 cycles. From 4,000 to 10,000 
cycles it is arranged to produce gradually increasing amplifica- 
tion. The reason for doing this is that all present loud speakers, 
head telephones, and many audio frequency transformers (as 
used in receiving sets) give & decreasing output in this range, and 
a rising frequency characteristic at the transmitting station will 
tend to compensate for this. As а result, such sounds as the con- 
sonant *'s," the characteristic frequency of which is of the order 
of 10,000 cycles, are reproduced very clearly on the average re- 
ceiving set, while music is also given greater clearness because 
of the better reproduction of harmonics. 

The method of obtaining a flat curve for part of the range 
of this amplifier, and a rising curve for another part, will be evi- 
dent from the figure. The output of the microphone amplifier 
is fed to the grids of two tubes, in parallel. The upper tube has a 
resistance in its plate circuit and the lower one a resonance 
transformer composed of air-core coils and a condenser with its 
resonance peak at 10,000 cycles. The voltage delivered by the 
upper (resistance) coupled tube is uniform with respect to fre- 
quency, while that of the lower tube is a resonance curve having a 
maximum at 10,000 cycles. The voltages delivered by these two 
tubes are added in series and applied to the grid of a third tube, 
the magnitudes being so chosen that the sum of the two gives a 

‘The station apparatus at Radio Corporation stations was originally built 
by the General Electric Company, and was modified in a number of details 


after some operating expericnce therewith. The description in this paper 
refers to the modified apparatus. 
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frequency characteristic of the type mentioned above. The third 
tube serves as an output tube, and its output is stepped down 
in order to feed the input side of the power amplifier in the trans- 
mitter house thru a cable which is about 600 feet (185 meters) 
long. On the low voltage side of the output transformer is placed 
the main modulation control, a 1,000-ohm potentiometer, by 
means of which the voltage supplied £o the power amplifier may 
be regulated. Тһе transmitter house end of the cable is ter- 
minated by a 500-ohm resistance, from which the grid of the first 
power amplifier tube is fed. It may appear uneconomical not to 
place a step-up transformer at this point, but it is preferable to 
avoid transformers whenever sufficient amplification is already 
available, since each transformer cuts off transmission of low and 
high frequencies to some extent. 

The power amplifier has two stages, the first being resistance 
coupled and the second transformer coupled to the grids of the 
modulator tubes. А step-down transformer with 500 ohms across 
the secondary is used so that with positive potentials applied to 
the modulator grids no distortion will occur, due to the grid 
current drawn. The customary “constant current" modulation 
system is used. The oscillators work into a local circuit (called 
the “tank circuit") which is inductively coupled to the antenna. 
Variometers are provided for wave length control in both local 
and antenna circuit. Тһе antenna power, unmodulated, is nor- 
mally 500 watts, antenna current about 7 amperes, on 455 meters 
and 6 amperes on 405 meters. 

Supervision of the modulated antenna current is obtained in 
the control room by several methods (oscillographic observation 
of a small portion of rectified antenna energy, modulator grid 
current, and receiving set with loud speaker), the connections of 
which are evident from the diagram, and which will be discussed 
in more detail later on. 

All units are supplied in duplicate, on each channel, but on 
the schematic diagram the various relays, jacks, plugs and 
switches for transferring from a working unit to a spare unit have 
been omitted, for clearness. 

All filaments of vacuum tubes, except those in the transmitting 
set, are supplied from common 12-volt storage batteries in the 
transmitter house. Тһе plate voltages of all tubes are supplied 
from the 2,000-volt motor-generator sets of the transmitters, 
the low plate voltages for the amplifiers being obtained from 
potentiometers fed thru resistance-capacity filters by one of the 
1,000-volt commutators of these generators. The necessity of 
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maintaining high voltage storage batteries for amplifier plate 
supply is thus eliminated, the supply from the generators being 
quite free from ripple after filtering. 

For the sake of those readers who wish more details concern- 
ing the constants of the vacuum tubes used, reference is made to 
previous papers published in these PROCEEDINGsS.’, ® 

We will next consider some of the apparatus units in greater 
detail. 


Figure 9—Double Button Carbon Microphone Assembled and Disassembled 


STUDIO APPARATUS 


The microphones used are modelled after the double button 
carbon type originated by the Western Electric Company.’ This 
transmitter contains a stretched diaphragm of duralumin, about 
0.0015 to 0.002 inch (0.0038 to 0.005 сіп.) thick, spaced 0.001 or 
0.002 inch from a metal surface, on one side, so as to secure high 
air damping;? carbon containing chambers are placed опе on each 
side of the diaphragm, and current supplied to the microphone 


5 W. В. G. Baker: “Commercial Radio Tube Transmitters.” PROCEED- 
INGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 11, page 601, 1923 (par- 
ticularly the tables on pages 653 and 654). 

5 J. C. Warner: “Recent Developments in High Vacuum Receiving Tubes 
—Radiotrons Model UV-199 and Model UV-201-A," PROCEEDINGS oF THE 
INSTITUTE OF RADIO ENGINEERS, volume 11, page 587, 1923. 

1I. W. Green and J. P. Maxfield: “Public Address Systems" (Section 
entitled ‘‘Transmitters’’), “Journal of the American Institute of Electrical 
Engineers," April, 1923. 

5 I. В. Crandall: “Тһе Air Damped Vibrating System," “Physical Review" 
2nd Series, volume XI, page 449, 1918. 
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as shown іп the schematic diagram of Figure 8. Normally the 
maximum permissible current thru each button is 20 milliamperes, 
and with this each button has an internal resistance of about 
100 ohms; thus the transmitter forms a generator (as applied to 
the input transformer) having an internal resistance of about 
200 ohms. The voltage produced across a 200-ohm load is 
about 5 millivolts for one dyne per sq. cm of sound pressure in 
air. 

The diaphragm characteristics are such (due to its high 
natural frequency and great damping), that practically uniform 
output is secured, for equal incident sound pressures over the 
frequency range from 30 to 7,000 cycles. Higher frequencies up 
to 10,000 cycles are usually reproduced well with fresh carbon, 
and when the transmitter current is first switched on, but after 
some running, the reproduction of these frequencies falls off. 
However, for nearly all work, these transmitters are quite as sat- 
isfactory in their reproduction as a condenser transmitter, and 
are simple, require much less amplification than the condenser 
transmitter, are conveniently portable, and may have as long 
leads as desired attached to them (which can be done only in a 
limited degree with the condenser transmitter). Figure 9 is a 
photograph of one of these microphones. 

In the studio, two microphones are hung on spring suspen- 
sions in the stand shown in Figure 10, for picking up studio con- 
certs, one microphone being in operation and the other a spare 
capable of being switched in from the control room to replace the 
working microphone. 

For announcing, a single microphone only is usually found 
sufficient, altho provision was originally made to have a spare 
for this purpose also. This is suspended in a small support of 
convenient height. 

A control box (Figure 11) is also placed on the announcer’s 
table. This contains a switching key, by means of which the 
announcer may connect his own microphone, or the studio micro- 
phone to the microphone amplifierin—the control room, or cut 
off both. This key operates relays in the control room which 
switch on filament current to the single stage amplifier connected 
to the particular microphone which is operating. А small signal 
lamp, mounted above the switching key, remains lit automati- 
cally while current flows in the antenna, so that the announcer 
is thus informed, should the antenna power go off at any time. 
The signal current is supplied to this lamp by means of a special 
relay in the transmitting set, connected in series with the oscil- 
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lator grid leak, so that it is operated by the direct current flow- 
ing thru the leak. 


Figure 10—sStudio Microphone Stand, Open and Closed 


CONTROL Коом APPARATUS 

The apparatus here is the following: 

1. Asingle stage amplifier rack, shown in Figures 12 and 13. 
This contains, in the upper row, two amplifiers suitable for micro- 
phone input and one for input from telephone lines, and in the 
second row, duplicates of these. Any amplifier may be connected 
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FIGURE 11—Announcer’s Control Box 
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to апу microphone by means of the jacks and plugs shown in the 
lower row of panels. Here also are jacks for listening to the output 
in the plate circuit of whichever single stage amplifier happens to 
be in operation, and also for listening to the radio output (con- 
ducted thereto from the monitoring receiving set). Signaling 
lamps are also provided, one to indicate when either concert or 
announce microphone is in operation in the studio, one to indi- 
cate the presence of antenna power, and two for signaling be- 
tween control room and transmitter house, if desired. Each 
single stage amplifier is equipped with filament voltage control 
and voltmeter, microphone rheostat, ammeter (in microphone 
amplifiers), and an input intensity control. The latter is а small 
carbon plate compression type of rheostat, which is quite noise- 
less in operation, permitting a shunt resistance of from about 50 
ohms upward to be placed across the input transformer. АП 
tubes are the UV-202 type, rated at 5 watts as oscillators, having 
tungsten filaments. 
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Figure 13—Control Room Amplifier Rack, Rear 


This amplifier rack also contains relays by means of which 
the filament circuits of the amplifiers which the control operator 
has selected for the announcing or concert microphones are closed 
when the key in the announcer’s control box is operated. 

2. А special amplifier for producing a rising gain in the fre- 
quency range from 4,000 to 10,000 cycles; this is mounted above 
the microphone amplifier, as shown in Figure 14, duplicate equip- 
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ments being provided. Its wiring was indicated іп the schematic 
diagram of Figure 8, and its operation has already been described. 
Іп the operation of the station it is usually referred to as the “5 
amplifier" because of the marked improvement it produces in the 
reproduction of this usually difficult consonant. 


Figure 14—Control Room Amplifier, “S Amplifier," Modulation Control and 
Supervisory Equipment 


3. А monitoring receiver consisting of a small loop, tuning 
condenser, detector, and two stage audio frequency amplifier. 
This receiver has approximately the same audio frequency repro- 
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duction characteristics as the average good present-day receiver, 
so that what the control operator hears has the same quality as 
would be heard by the average listener. The receiver is in the 
box to the right of the “high audio frequency” amplifier, in 
Figure 14. Іп the same box are placed the main modulation 
control, and a galvanometer which indicates the grid current 
taken by the modulator tubes in the transmitting set. The latter 
is used for supervisory purposes. | 

4. А General Electric Company oscillograph, опе vibrator 
of which is fed from rectified antenna current. (See diagram, 
Figure 8). This appears below the monitoring receiver. Lines 
are marked on the ground glass screen to indicate full antenna 
current and fractions thereof, up to double and down to zero. 
These lines and the vibrator spot are reflected in rotating mirror, 
and the control operator thus has a visual picture of the modu- 
lated antenna current. 

The subject of supervising will be treated further in a subse- 
quent section. 

The connections between control room and transmitter house, 
for amplifier power supply, audio frequency, rectified modulated 
radio frequency, and signaling, are all lead-covered cable in iron 
conduit; this method of connection is quite adequate for keeping 
radio frequency out of the audio frequency lines. The conduits 
are run thru the hall to the rear elevator shaft of the building 
and then up thru this to the roof, a total distance of some 600 
feet (185 meters). 

The control room also contains all equipment for wire line 
transfer of incoming or outgoing material for broadcasting; this 
will be described in another section. 


TRANSMITTER HOUSE 


An external view of this is shown in Figure 15. It is a building 
37 feet (11.4 m.) long by 20 feet (6.2 m.) wide by 12 feet (3.7 m.) 
high, inside. 

Interna] views are shown in Figures 16 and 17. Figure 16 
shows a view of the following: at the extreme front, left, the 
power amplifier of one channel, beyond this the operating tables, 
and beyond this, а power amplifier of the second channel; Беуола 
this last, the power switchboard for the direct current supply to 
the motor-generator sets. At the right side of the picture are 
four transmitters, with their motor generator sets behind them. 
The high panels are the transmitting sets, and between each pair 
of transmitters is a panel containing the filters and potentiometers 
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for plate power supply to the various station amplifiers, derived 
from the transmitting motor generator sets. At the distant end 
of the room can be seen the oscillograph rectifier and coupling 
to the antenna. 
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Ficure 15— Transmitter House, Broadcast Central, Exterior 


Figure 17 shows a rear view of the transmitting sets and motor 
generators. One motor generator set is associated with each 
transmitter, and bears on а common bedplate the driving motor, 
a combination 110-volt exciter and 30-cycle volt alternating cur- 
rent generator for the filament power of the transmitters, and а 
2,000-volt direct current generator for plate power. Тһе last- 
named has two commutators, 1,000 volts each, and from one of 
these plate power for the amplifiers is taken to the filter panel. 
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Fiaure 16—Transmitter House, Broadcast Central, Interior 


FIGURE 17—Transmitter House, Broadcast Central, Interior 
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At the end wall are the storage battery charging panel and charg- 
ing motor-generator, as well as a rack for holding transmitting 
tubes. 

The interconnection of the various units will be evident from 
the schematic wiring diagram of Figure 8. 

A closer view of a power amplifier rack is given by Figures 
18 and 19. Here three stages of amplification are provided, of 
which normally only two stages are used. The number of stages 


Figure 18—Power Amplifier, Front 


desired can be connected by the plug and jacks on the left hand 
center panel. All tubes are of the UV-203-A type, except the last, 
which are UV-211, rated at 50 watts when used as oscillators, 
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and having thoriated tungsten filaments. Тһе amplifier stages 
are placed in the upper and lower rowsof panels (working and spare 
units), the center row containing relays by means of which either 
amplifier can be cut in, these relays being controlled by change- 
over switches in the control box on the operator’s table. Fila- 
ment voltmeters and voltage control are the only controls provided 
here. On the right-hand panel in the center row (Figure 18) are 
listening Jacks for checking the amplification in each stage. Each 
Jack is shunted by a 500-ohm resistance, and this is placed in 
series with a fairly high resistance (of the order of hundreds of 
thousands of ohms) in parallel with the grid leaks of the respective 
amplifier tubes. The series resistances are adjusted to give equal 
loudness at each listening jack. 
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Figure 19—Power Amplifier, Rear 


The connection from the output of the power amplifier to 
modulator grids is made by wire shielded by means of grounded 
copper tubing run overhead. These are the leads coming from 
insulators, on top of the power amplifiers in Figure 16. Shielding 
was found essential in order to prevent radio frequency currents 
from the antenna leads being induced in this circuit and causing 
the modulator tubes to overheat because of the high voltages 
impressed on the grids; in addition to the shielding, a small con- 
denser (0.005 microfarad) is placed between modulator grids and 
filaments, in the transmitting set. 

One of the transmitter panels is shown in Figures 20 and 21. 
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The schematic circuit of these is indicated in Figure 8, and it will 
be noted that two oscillator and two modulator tubes are em- 
ployed. Each tube is of the UV-204-A type, rated at 250 watts as 
an oscillator, and having thoriated tungsten filaments. On the 


FicunE 20—Transmitter Panel, Front 


front panel are, respectively, tank circuit and antenna ammeters, 

plate supply voltmeter, controls for filament and plate voltages, 

voltage regulator (to maintain constant filament voltage if motor- 

generator speed varies), an overload relay (which shuts down 
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the motor generator set if plate current becomes excessive thru 
poor circuit adjustments or tube failure), and the relay which 
lights the antenna power signal lamps in the control room and 
studio. Тһе rear view of the transmitter (Figure 21) shows at 
the bottom, left, a multiple contact automatic switch (operated 
by push button from the operator’s control box), which connects 
the antenna and performs various other functions to put the set 
in operation, and an automatic motor starter; beside these is the 
filament power transformer, and at the right the smoothing con- 
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соке 21— Transmitter Panel, Rear 
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densers for the plate power supply. Above these condensers 18 
the plate reactor, to the left of it are various condensers used in 
the oscillating circuit. Immediately above these are the tank 
circuit and antenna tuning coils, of edgewise wound flat copper 
strip, and at the top of the set are the transmitting tubes in a 
spring-suspended cradle. 


FIGURE 22—Transmitter Operator’s Control Box, 
Front 


On the operator’s table is placed a control box, for each chan- 
nel, which is shown in Figures 22 and 23. In this, viewed 
from the front, are placed the following controls for relays in the 
various units: near the bottom, filament power switches and 
change-over switch for either power amplifier, and at the sides, 
monitoring jacks for the input and output of the power amplifier 
and the radio output. In the middle at the sides are placed push- 
button switches for starting either motor-generator set, for throw- 
ing on plate and filament power, and for connecting either trans- 
mitting set to the antenna. At the top of the box are signaling 
lamps to the control room, and a lamp indicating that the an- 
nounce or concert studio microphone is in operation. Thus in a 
very short time any distortion or trouble can be located by means 
of the monitoring jacks as arising in some particular section of the 
equipment, and a spare substituted for it. 

A receiving set is also located on the operating table, and here 
a continuous watch is maintained so that the station may cease 
operation at once in case of marine distress signals; this is legally 
required of all coastal radio stations. The same receiver 1з utilized 
for the reception of time signals on a wave length of 2,500 meters 

768 


(120 ke.), from Arlington (distance 220 miles) (350 kilometers), 
and these are re-transmitted on the 455-meter (660 kc.) wave by 
connecting the output of the receiver’s audio frequency amplifier 
to the input of the transmitting power amplifier thru a suitable 
transformer. No difficulty is experienced in receiving on wave 
lengths of 600 meters (500 ke.) and above, due to interference by 
the local transmitters; the receiving antenna is run away as far 
as possible from the transmitting antennas, -а coupled trap 
is connected across the antenna and ground posts of the receiver, 
this trap being tuned to the wave lengths to be received, and all 
equipment is housed in a metal case. 
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FiGurE 23— Transmitter Operator's Control Box, 
ar 


Figure 24 shows in somewhat better detail the following: at 
the bottom, one of the oscillograph rectifiers (containing a 50- 
watt, UV-203-A tube with grid and plate connected in parallel 
so as to function as a rectifier); above this, the coupling arrange- 
ment of the rectifier to the antenna, consisting of a single turn 
of the antenna lead placed within a helix; above this, a trap cir- 
cuit necessitated by duplex operation, of which more will be said 
in а subsequent section; and finally, the antenna leading-out 
insulator. 

The antenna system is shown in Figure 25, each channel being 
connected to an inverted “L.” 


SUPERVISION DURING OPERATION 


In the description of control room apparatus the following 
were mentioned as being furnished for supervisory purposes to 


the control operator: 
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(а) A receiving set, containing а vacuum tube detector, and 
two stage audio frequency amplifier, with a loud speaker, to repre- 
sent the average listener's receiver. 


FiGuRE 24—Oscillograph Rectifier with Antenna Coupling 
Arrangement, and Wave Trap 


(b) Ап oscillograph, to one vibrator of which а small amount 
of rectified antenna current is brought, the fluctuations of the 
vibrator spot being made visible in a rotating mirror. 
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(с) А galvanometer which indicates the direct current drawn 
by the grid circuit of the modulator tubes, when positive voltages 
are impressed. 
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Figure 25— Broadcast Central, Antennas for Two-Chan- 
nel Transmission 


The control operator is concerned first, with maintaining as 
high a percentage of modulation (that is, ratio of side bands to 
carrier wave) as possible, without distortion; and, second, with . 
the determination of the proper placing of artists in the studio, 
во that correct balance is obtained between soloists and accom- 
panists, or between the various instruments of an orchestra. Тһе 
receiving set is used to determine the general character of the 
performance, the presence of distortion, or to indicate any sud- 
den interruption. The oscillograph indicates the percentage of 
modulation, while the modulator grid current galvanometer is 
an indicator which warns the operator that the maximum per- 
missible percentage of: distortion-free modulation is being ob- 
tained. The manner in which the last-named instrument is used 
is as follows: observation of the shape of the modulated wave 
in the oscillograph mirror will indicate that, in general, it is very 
irregular, having occasioned high ' peaks" and many smaller 
irregular undulations; and it is essential to regulate the degree of 
modulation so that these peaks will not exceed a permissible 
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maximum. Now, in the oscillograph, these peaks occur very 
rapidly, and are intermixed with all the other irregular fluctua- 
tions, so that for continual observation the eye would soon tire 
of judging the percentage modulation this way. However, it is 
really not necessary for the control operator to know the actual 
percentage at all times; all he is concerned with is that the modu- 
lation shall not exceed a certain maximum. This is conveniently 
done by the use of the modulator grid current indicator. Nor- 
mally, with modulation less than about 30 percent (a fluctuation 
of antenna current from 30 percent below maximum to 30 per- 
cent above), no positive audio frequency voltages are impressed 
on the modulator grids, hence no grid current flows, and the 
galvanometer remains at zero. Whenever the modulation peaks 
exceed this value, a rapid “kick” of the galvanometer will be seen 
at each of the occasional peaks; thus this instrument is really a 
peak-reading ammeter. The presence and magnitude of these 
occasional deflections warn the control operator that modula- 
tion in excess of 30 percent is being obtained; normally a modula- 
tion of about 40 percent is allowed, corresponding to a certain 
deflection of the galvanometer. А greater degree than this 
would result in the generation of double frequency harmonics 
of appreciable magnitude, in receiving sets using square-law 
rectifying detectors, when sinusoidally modulating the trans- 
mitting set at a given audio frequency.? Thus the control oper- 
ator need only watch to see that the occasional kicks of the 
galvanometer pointer do not exceed a certain value; most of the 
time the pointer will remain at zero. 

- This sort of observation method is considerably better for 
control purposes than one which involves the watching of a con- 
tinually flickering object or wave, altho observation of the oscil- 
lograph is useful in making more exact observations of the char- 
acter of the modulating wave and as a check against the gal- 
vanometer. 


AUDIO FREQUENCY CHARACTERISTICS OF STATION’ APPARATUS 


In a broadeasting system it is necessary to transmit a range 
of frequencies, from the source of sound to the ear of the auditor, 
which up to the present we have taken a3 lying between 30 and 
10,000 cycles. Тһе frequencies which occur in music, in funda- 
mental tones, range from 16 cycles for the largest organ pipes 
up to about 4,000 cycles for the highest instrument tones; how- 
ЭҢ. V. L. Hartley: “Relations of Carrier and Side Bands in Radio Trans- 


mission." PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, volume 
11, page 34, 1923. 
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ever, harmonics which characterize the different instruments, or 
the singing voice, require the effective transmission of frequencies 
up to at least 10,000 cycles, in order to secure the clear, “Кееп” 
quality appreciated by musicians. Another aspect of these 
transmission requirements is that we find, experimentally, with 
a transmission range extending as high as 10,000 cycles, that each 
instrument or group of instruments in an orchestra seems to 
stand out clearly when reproduced in a good receiver, while limi- 
tation of the upper frequency transmission to 3,000 cycles, for 
example, causes the musical rendition to become ‘‘muddy”’ or 
blurred. The latter effect probably occurs because with a com- 
bination of instruments very rapid transients or changes in the 
sound wave shape may occur, taking place in a time mueh shorter 
than that corresponding to the fundamental frequencies being 
played; but a transmission system which will transmit fre- 
quencies up to 10,000 cycles will also transmit sudden fluc- 
tuations in wave shape taking place in a ten-thousandth of a 
second. 

In the case of speech, the transmission of such consonants as 
“5” requires effective transmission of a frequency of the order 
of 10,000 cycles; similarly, to secure natural voice quality, par- 
ticularly of male voices, it is necessary to transmit effectively 
frequencies down to perhaps 30 cycles. 

The foregoing statements are mainly the result of qualitative 
observations on apparatus of which the frequency range of 
transmission was known, when listening with ordinary telephone 
receivers (as the broadcast listener docs). We have not had any 
opportunity to determine in detail what the permissible change 
may be in the ratio of amplitudes of one frequency to another, 
as it exists in the initial sound, compared to what it may become 
by the time it reaches the listener, before the listener is aware 
of distortion. 

The extent to which we have been able to meet the foregoing 
transmission requirements, in the station apparatus, is shown 
in Figure 26, and the method of taking the observations in Fig- 
ure 27. This curve represents the amplitude of the alternating 
voltage applied by the modulators to the plates of the oscillator 
tubes (to which the modulation will be proportional), when a 
constant sinusoidal voltage of variable frequency is impressed in 
place of the microphone (a resistance of 200 ohms being placed 
in series with the voltaze source to represent the internal resist- 
ance of the microphone). The microphone itself may be consid- 
егесі as sensibly such a source. Тһе reason for the rising gain 


713 


TRANS/ESSIOIN МҮ MULES STO CABLE 
4055 8-09 өлу 9 
VOLTAGE AMPLITUDE I PERCENT 
е 328 % 
| | 
| 
Ш 


. Figure 26—Performance Curve of Station Apparatus 


at the high frequency end of the range has been mentioned 
previously. 


Two-CHANNEL TRANSMISSION 


The operation of two channels simultaneously, at Broadcast 
Central, was attended at the start with difficulties due to “cross- 
talk" between the two channels. This cross-talk was due to 
modulated radio frequency currents induced from the trans- 
mitting apparatus or antenna of one channel in circuits connected 
with the other channel; these currents were rectified by vacuum 
tubes or other apparatus capable of rectifying action, became 
audio frequency currents, then passed thru the audio frequency 
amplifiers to the modulators, and modulated the transmitting 
set. Thus the audio frequencies modulating each channel might 
be heard on the wave length of the other channel. 

No pure audio frequency cross-talk between the two channels 
was experienced, since audio frequency circuits where cross-talk 
might have been set up were only the connections between trans- 
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mitter house and control room, and here each channel was run 
in lead-covered cable, in separate iron conduits. 

Radio frequency induction was found in the following cir- 
cuits, and eliminated in each case by the measures indicated: 

(1) In studios and control room, the microphone leads to the 
amplifiers required very careful shielding, copper sleeving over 
the flexible mierophone conductors being sufficient. Тһе shield- 
ing was continuous from the amplifier terminals to the micro- 
phones; in a first installation, the wiring had been run from con- 
trol room to studio, thru lead-covered cable between terminal 
boards located in these rooms, in standard electrical fashion, and 
in each terminal box a few feet of unshielded cable had been left. 
These few feet were quite sufficient to give rise to serious cross- 
talk. 

(2) The control room amplifiers themselves, being in steel 
cases, picked up no appreciable amount of radio frequency. 
However, there was always а considerable amount of radio fre- 
quency which came in on the outside wire lines, when these were 
connected to the amplifiers. This was prevented from reaching 
the first amplifier tubes by the use of audio frequency input 
transformers having a copper shield between primary and second- 
ary windings. In some cases cross-talk was found even after this 
was done; this was traced to the rectifying action of some of the 
carbon block compression rheostats, which were shunted across 
the primary windings of all input transformers, for modulation 
control purposes, in the original installation. This control 
method was superseded later on by the arrangement shown in 
Figure 8. 

(3) In the transmitter house, the proximity of the two an- 
tennas caused a current of 1 to 2 amperes from each channel to 
flow in the down-lead of the other channel. This current event- 
ually caused radio frequency voltages to be induced in the grid 
circuit of the modulator tubes, large enough to give serious cross- 
talk. The difficulty was remedied by inserting coupled trap 
circuits in each antenna lead, as shown in Figure 28. Each trap 
was tuned to the wave length of the opposing channel, and the 
coupling tap adjusted to display as high an effective resistance as 
possible at the wave length of the opposing channel, with still no 
appreciable loss of energy at the wave length of its own channel. 
The method of adjustment was simply to note the current in the 
antenna lead with each channel running alone, and adjust so that 
the cross-talk current was made as small as possible, without 
affecting the desired antenna current; all circuits were left com- 
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plete thruout, as for two channel operation, and oscillations 
started by applying plate voltage. 


TICANS MITTEL 
CHANNEL 7 


Figure 28—Trap Circuits for Reduction of Cross 
Talk Between Channels 


(4) When using portable amplifiers on work outside the studio 
within a distance of about a mile from the station, or of other 
radio stations, and in certain locations, considerable radio fre- 
quency was found present in the wire lines to the station. These 
lines are often overhead twisted pairs, which act as a very good 
antenna. The radio frequency current flowing in these lines 
would cause voltages to be induced in the apparatus of the por- 
table amplifiers (which was partly unshielded); this eventually 
resulted іп audio frequency cross-talk due to rectification in the 
amplifier vacuum tubes. The difficulty was remedied by insert- 
ing a trap circuit, consisting of a variable condenser in parallel 
with an inductance, in series with each side of the line, and tuning 
each trap to the interfering signal. The radio frequency current 
flowing in the line wires was thus greatly reduced and the cross- 
talk correspondingly lessened. Future models of portable ampli- 
fiers will be thoroly shielded to avoid this difficulty. 


STUDIO OPERATION 


In the organization of these stations the control operator is 
responsible for the general supervision and maintenance of the 
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technical standard of the performance. Не normally remains 
in the control room, but it is his duty to advise or correct the 
studio announcer in his placing of performers with respect to the 
microphone. For this purpose a *'Dictograph" interphone system 
is provided, by means of which the control operator may signal or 
talk to the announcer; a lamp signal is used for attracting atten- 
tion, ora buzzersignal may be used instead by throwing a switching 
key. The microphone used in this type of interphone is exceed- 
ingly sensitive, so that the announcer may talk to the control 
room in a very soft tone, during a performance, without disturb- 
ing the artist. The same interphone system connects to all other 
parts of the station. 

Figure 29 shows some of the typical methods of placing per- 
formers with respect to the microphone. These are the result 
of experience in the WJZ studio and would probably not hold 
very strictly for other rooms. With all new performers, a trial 
placing is made according to experience, for the first number; 
this can be altered during the number, if necessary, by moving 
the microphone stand, or after the first number by suitable 
alteration of positions of performers. The announcer is usually 
familiar with the placing required for various types of perform- 
ances and normally arranges the performers without any 
specific instructions from the control operator. The latter 
observes the effect of the announcer’s placing, controls the degree 
of modulation, and makes an estimate, if possible, of the volume 
range the performers are capable of. Judging from this, he in- 
structs the announcer to make such changes in placing as he 
deems necessary, so as to prevent blasting of the microphones 
ог to secure a better "balance" (ratio of volume of soloist to 
accompanist or ratio of volume of various instruments їп an 
ensemble). 

It may appear that less work would have to be done with 
regard to proper placing of the performers if the microphones 
were not used relatively close up, being placed instead, for ex- 
ample, at the opposite end of the studio. In the latter case, the 
relative distance of the microphone from each of several perform- 
ers would be nearly the same and there would apparently be less 
of a problem so far as proper “balance” is concerned. However, 
it has been found that this cannot be done for a number of rea- 
sons. First, the further away the microphone is from the per- 
formers, the greater is the proportion of sound which reaches it 
by reflection from the room walls, compared with that reaching 
it directly from the source of sound. "These reflected sounds are 
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generally distorted, since they not only are reflected in a variable 
fashion with respect to frequency, but interference phenomena 
occur between reflected sounds coming from various reflection 
points. Thus, it is found that the sounds as heard from a micro- 
phone located, say 20 feet (6 meters) from the source are more 
distorted than those heard when the microphone is placed rela- 
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Кылснк 29- Placing of Microphone in Studio 


Second, the sounds reaching the microphone must be strong 
enough to give an output far exceeding the hiss due to the use 
of carbon, and this again necessitates fairly close placing with all 
performers except orchestras or large choruses, 

Third. there is a certain advantage is giving the performers 
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an object, such as the microphone stand, at which to direct their 
remarks, or music. A difficulty which all broadcasting stations 
experience is the lack of an audience to which the artists are 
accustomed. Usually this 1s helped by trying to have the radio 
listeners send in telegrams or make telephone calls during the 
performance, which are transmitted to the artist. We have tried 
to improve this situation further by placing a large mural paint- 
ing on the wall of the studio, which is faced directly by the artist 
when broadcasting. In this, the painter has tried to depict some 
of the types of people who, the performer may imagine, are listen- 
ing to him, and the vast spaces over which his voice or music may 
be traveling out to reach them. This is shown in the studio 
photograph, Figure 4. 

One point that may be of interest is the variety of entertain- 
ment that is broadcast; Table I gives a list of typical program 
material transmitted from the studios at Broadcast Central dur- 
ing the first year of operation. (This table, as well as Table II, 
was very kindly supplied by Mr. Charles B. Popenoe, Program 
Director.) 


TABLE I 


STUDIO EVENTS 
BROADCAST CENTRAL 
May 15, 1923, to May 1, 1924 


Number 
CLASSIFICATION of 
Events 
АИО SOLOS Lacon ceeded edo Beh тон a aoe n t ана 3 
Е аен 48 
ВАГОВЕ ое ри овое ae CH Rud ала» 163 
BASS) СЕНІ need daas alos oe ete ТЕГ СТТ 32 
СӨЛІНІҢ За ба жыр атана Bon M tain ae dose Sees 12 
CONOS на ле 157 
СОПЕКОВ оссо aaa ро ея 104 
Duets (Vocal and Іһзігітпелпійі)..................... 12 
оао ИОГООР 14 
Miscellaneous Events: 
Celebrations, 
Music Lecture Recitals, 
Whistlers, Saxophones, 
Harmonicas, 
Languages, е{с............................... 159 


(Table I—Continued) 


Number 
CLASSIFICATION of 
Events 

Orchestras (including Dance Огсһевігав).............. 113 
Pianon е EU d и 401 
Роеӛгу--Беайіпрв.................................. 100 
Popular бопрз..................................... 215 
Quartette 25 асары е аа ы ЫЫ айыда 57 
Songs (Sacred апа КоШ)............................ 45 
SODERHOS oy зарды е куа SUE quse 505 
Stories (Bedtime) .................................. 294 
String Music (МивсеПапеоцв)........................ 25 
über" D 1336 
TODO Reise duro e EEE M epe Et aa ТО ГОС 159 
SDRIOS ЖОШО КЕКС LL UMS Sealer Save cadet ee e 23 
MIOlBIBISUSE ctm Otia я 186 
Vocal Сопсег{в..................................... 47 
UU. 5. Atmy BANGS: edu а ао mouse d eds 12 
US. Navy ВАЙНЕ у аон заа а уы id da 12 
U. S. Marine: Вапа................................. 1 

TORT ra ыле ud d v adis med жукса жазылы ЫЗ 4235 


BROADCASTING FROM PoINTS OUTSIDE THE STUDIOS 


At Broadcast Central approximately 100 events per month 
are broadcast which emanate from points outside of the station, 
such as hotels, theatres, concert halls, and so on. 

Table II shows the range and variety of subject matter that 
was handled from such points during the first year of operation 
of Broadcast Central. Special portable microphone and ampli- 
fier equipment has been developed for this work, in order 
to convert the sounds produced to electric currents of suitable 
character and intensity for transmission over a pair of wires to 
the broadcasting station, there to be radiated. A special wire 
line system has been erected in New York City for this service, 
a similar system is being installed in Washington, District of 
Columbia, and connections to station WGY of the General 
Electric Company, at Schenectady, New York (distant about 
160 miles (256 km.)), as well as to station WRC at Washington, 
District of Columbia (distant about 220 miles (350 km.)) are also 
being provided; so that events at New York, Schenectady, Wash- 
ington, or other cities enroute, may be broadcast simultaneously 
from these three stations if desired. 
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TABLE П 


EVENTS OUTSIDE OF STATION 
Broapcast CENTRAL. 
May 15, 1923, to May 1, 1924 


CLASSIFICATION Total 

Aeolian Hall Кесібіі8................................ 19 
ВАО Це suba D ное о о ИАЛ 70 
ВазеБа  баштев..................................... 6 
Boxing Bouts occus mice avr Севан oce та деды о d 8 
Concerts (Vocal and Instrumental).................... 82 
Church бегуісев..................................... 100 
Football баштев..................................... 7 
Байалонсегінш:іс к нәре кый S о S dried 16 
Miscellaneous Еуепів................................ 69 
N. Y. Board of Education Гесблгев.................... 16 
N. У. University Гес{игез............................ 44 
ODi cosas Gta onl tie e out eee ener eer hoe sae eee 3 
Orchestra (Hotel and Папсе)......................... 348 
Organ Несїайз...................................... 116 
Polo Gams. Lis oss aie iden S ыы» МЕ ee EU іне Ба 3 
Symphony Orchestra Сопсегів........................ 23 
Theatres (Plays and Musical Ріаув)................... 34 
Town Hall Events (Addresses and Concerts)............ 14 

ÉD IV" ое 978 


WIRE LINE бүвтем ім NEw York City: The system in use 
has been installed by the Western Union Telegraph Company, 
in co-operation with the Radio Corporation of America, and con- 
sists partly of new facilities exclusively provided for this service 
and partly of existing facilities which are leased as required from 
time to time. The system is based to a considerable extent on the 
use of the elevated railways which traverse Manhattan Island 
(the principal borough of New York City) lengthwise, to carry 
trunk line cables. These cables have outlet terminal boxes and 
switchboards at important points, so that overhead twisted pair 
connections can be made from the trunk lines to points from 
which broadcasting is to be done. The system thus obtained is 
very flexible, makes it possible to lay trunk cables exclusively 
for this work at moderate expense, and also provides connections 
at a reasonable cost, since the work of running weatherproof 
twisted pair over the housetops, from the trunk cable terminal 
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boxes to a desired point, can usually be done by one lineman in 
a few hours. Fortunately, also, the theatrical and hotel district, 
in which the great majority of events originate, 15 fairly restricted 
in area, and thus the trunk cables need not be very extensive. 
Connections to points in New York not reached by the regular 
broadcasting trunk cables are made via other facilities at the main 
terminal office of the Western Union Telegraph Company, 
situated at 24 Walker Street, by means of special pairs connecting 
to Broadcast Central. At this same office connections are also 
made to Schenectady, and to certain points outside of New York 
City. 

The trunk lines so far installed on Manhattan Island are shown 
in Figure 30. These follow the elevated railways on Third, Sixth, 
and Ninth Avenues, with cross-connecting links. The trunk 
cables are terminated at small switchboards installed at the 
elevated railway stations, at certain points, so that connections 
of trunks may be made up as desired, and also so that a minimum 
length of ‘‘dead end” trunk cable is left connected in parallel to 
a working circuit. Terminal boxes at which overhead pairs may 
be bridged across any trunk line are installed about every 600 
feet (200 meters) along the cables; in the less important dis- 
tricts they are placed only where it is likely that connections may 
be wanted. 
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FicvnE 30—Wire Line System, Broadcast Central, New York City 


An interesting point in connection with this elevated railway 
plant is its absolute freedom from induction, due to the motors 
of passing trains (the railways use 600 volts, direct current), tho 
the cable is only about five fect from the power rail. It was 
originally feared that lead-covered cable would be required, but 


782 


the experience of the Western Union Company had been that 
lead-covered cable soon crystallized under the continuous vibra- 
tion to which it is subjected on these railway trestles; hence a 
rubber-covered cable made up of rubber insulated pairs was rec- 
ommended. However, the first installation of the rubber-covered 
cable soon proved that our fears of induction had been groundless, 
and it has accordingly been used thruout. The runs are suf- 
ficiently short so that the somewhat worse telephonic transmis- 
sion qualities of rubber insulated wire as compared with the cus- 
tomary paper insulation do not matter to any appreciable extent. 

Lone DisrANCE WIRE Lines: Connections to points outside 
of New York City are obtained either via special facilities in- 
stalled for the purpose by the Western Union Telegraph Com- 
pany, or by the Postal Telegraph Company, or by lease of exist- 
ing facilities. Figure 31 shows the long lines so far specially 
installed or in process of installation. Existing facilities available 
for broadcasting use are not shown. The Postal Telegraph Com- 
pany is making connections between the New York and Wash- 
ington stations, which enable events to be broadcast from these 
cities or also others en route, as indicated in the figure; while the 
Western Union Telegraph Company has furnished the connec- 
tions to Schenectady. 

The apparatus used in connection with simultaneous broad- 
casting thru the medium of this wire system will be described 
later on. 
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Figure 31—Long Distance Wire Lines for Broadcasting 
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PORTABLE APPARATUS 


In broadcasting from points outside of the station various 
types of portable amplifiers and battery boxes, microphones, 
microphone stands or housings, and an accessories kit for wire 
and tools are required. 

AMPLIFIERS: A standard set of equipment for the more 
usual types of work comprises the portable battery box and ampli- 
fier shown in the photograph, Figure 32, and its wiring diagram 
in Figure 33. The box at the left contains a 6-volt, 20-ampere 


Figure 32—Standard Type of Portable Amplifier 


hour battey for filament and microphone current, and five 20- 
volt "intermediate size" batteries forming a 100-volt battery for 
the plate voltage; here also (at the left) are mounted binding 
posts for connecting a total of five carbon double button micro- 
phones (called "concert" microphones), if desired, an announc- 
ing microphone, or the output terminals of & previous amplifier 
for example, for а condenser transmitter or line. At the right 
side are keys for switching from the announcing to the carbon 
concert microphones, or to the condenser transmitter amplifier” 
or for connecting the carbon microphones in parallel. Cords 
and multiple contact plugs are provided for making connections 
from battery box to amplifier box. Switches are provided for 
connecting either the batteries contained within the box, or ex- 
ternal ones in an emergency, to the amplifier. At the top of the 
battery box are four rheostat knobs which are used individually to 
regulate the microphone current of concert microphones num- 
bered 1, 2, 3, and 4. These rheostats are a carbon compression 
type and permit the microphone current to be regulated smoothly 
784 
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and without noticeable noise, from а few milliamperes up to the 
rated current of 40 milliamperes. In this way, microphones 
placed, for example, on a stage and in the orchestra pit may be 
thrown in parallel, the volume contributed by each microphone 
(which is proportional to the microphone current) regulated 
individually, and a suitable balance of the voices from the stage 
with the orchestra accompaniment thus obtained. This feature 
is especially useful in broadcasting musical comedies or grand 
opera. 

The right hand or amplifier box contains six tubes, along the 
top. Five of these are amplifier tubes, the sixth serves as a 
“volume indicator" (vacuum tube voltmeter indicating the voltage 
impressed on the telephone line). In the center of the panel is a 
“Gain Control,” by means of which the amplification can be 
controlled by 20-percent steps from maximum to practically zero. 
This is merely a potentiometer between the plate circuit of the 
first tube and grid circuit of the second tube, as will be apparent 
from the wiring diagram. To either side of the gain control are 
meters for the microphone current and volume indication. Be- 
low the microphone current ammeter is a stepwise rheostat for 
roughly controlling microphone current, and below the gain con- 
trol a compartment for housing a 9-volt battery for the volume 
indicator grid bias tapped at 4.5 volts for amplifier grid bias. 
At the right-hand end of the box are line binding posts, line 
switching key, and Jacks for measuring various battery voltages, 
or currents, and for listening either directly across the line or in 
а special circuit fitted so as to permit the operator to regulate the 
intensity of the signal to suit himself, without affecting the out- 
going signal intensity. A small automobile lamp, run off the 
6-volt filament battery, and mounted above the gain control, 
has proved quite an essential feature, since it is frequently neces- 
sary to handle the amplifier in dark places (theatres). 

Covers with padlocks are provided for both boxes, each box 
weighs about 35 pounds (16 kg.), and the two boxes with acces- 
sories kit can easily be transported by two men. 

The maximum voltage amplification obtainable by this ampli- 
fier, from a 250-ohm input circuit (equivalent to a microphone) 
to a 250-ohm output circuit, is about 3,400 times (а gain of nearly 
75 miles, in telephone terminology). However, we have never 
found it necessary to use this much, the usual practice being to 
work the amplifier at à step corresponding to a voltage ampli- 
fication of about 200 times (49 miles). With this the announcer's 
speech (talking a distance of about 1 foot (30 em.) from the mic- 
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горһопе) or other material being broadcast, with normal mic- 
rophone placing (see Figure 41 showing typical placings for out- 
side work) is brought to normal telephone level before being 
impressed on the line. (A line voltage of the order of 0.25 to 
0.5 volt is usually employed.) 


TRANSMISSION CHARACTERISTICS 
OF STANDARD PORTABLE AMPLIFIER 
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Figure 34— Transmission Characteristics of Standard Portable Amplifier 


A frequency characteristic of one of these portable amplifiers 
is shown in Figure 34, with 250-ohm input and output circuits 
(resistance). The wide frequency range is obtained by the use 
of resistance amplification with the coupling elements calculated 
to transmit low frequencies with good efficiency, and carefully 
designed input and output transformers having high inductance 
windings with very low leakage. 

A special type of portable amplifier for use in crowded places 
is shown in Figure 35. This is used at athletic contests, boxing 
matches, outdoor concerts or other events where only one or two 
seats can be had for the broadcasting staff. The operator can 
place this instrument between his knees (it is about 8 inches (20 
cm.) square, at the base) and operate it readily, when seated in 
a chair among the audience, with the announcer in the seat next 
to him. If necessary, one man can both operate and announce. 
The amplifier apparatus is placed back of the sloping panel, and 
filament, bias, and plate batteries in the lower part of the box. 
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Figure 35—Special Туре Portable Ampliher 


The binding posts on the top are for announcing and other mic- 
rophones and lines. There are posts for four “concert” or field 
microphones, one announcing microphone, and two telephone 
lines (one for the material to be broadcast and one for inter- 
communication). On the sloping panel are mounted, at the top, 
two vacuum tubes (the first one being a special high amplifica- 
tion constant tube, reaetance-coupled to the second which is an 
output tube). Since the amplifier is used only for close talking 
or relatively loud sounds, less amplification is provided than in 
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the standard amplifier; the total voltage amplification from а 250- 
ohm source to a 250-ohm output circuit is about 230 times (50 
miles). Belowthe tubes are keys for the various microphones and a 
double key for interchanging broadcasting and intercommuni- 
cation lines, so that if the broadcasting line should become noisy 
or fail the other line can be used instead. Below the keys are a 
gain control of the total amplification and ammeters showing the 
tube plate current and microphone current; the plate current 
ammeter is useful as an indicator of the presence of distortion, 
due to working of the output tube in excess of its linear amplica- 
tion range, by the extent to which it flickers during speech. 

The plate current is normally 7 milliamperes for both tubes 
and a flicker of a fraction of a milliampere is permissible. At the 
lower end of the sloping panel are three carbon compression 
rheostats for individually controlling the current of the announc- 
ing microphone and two of the field microphones. On the small 
vertical panel are a power switch, jacks for measuring the battery 
voltages, for connecting in an inter-communicating breast type 
telephone transmitter and for the operator’s head telephones. 
One of the pair of telephones is connected across the inter-com- 
municating line, the other to the broadcasting line, so that the 
operator can monitor on one line but still hear a call on the other. 

In the practical operation of this equipment at an athletic 
contest, the field microphones are placed to pick up bands, cheer- 
ing, announcements by field umpires, and so on. The individual 
volume controls and paralleling switches enable the operator to 
bring in these sounds as background to the announcing or after 
an announcement to gradually “fade in" or “fade out” the cheer- 
ing or band music, thus giving a more artistic performance than 
merely the more or less dry announcing. 

Another special amplifier is shown in Figures 36 and 37, and 
its wiring in Figure 38, for use with condenser transmitters.'? Here 
it is necessary to shield the amplifier acoustically and electrically, 
because of the greater amplification necessary with condenser 
transmitters. Тһе principal difficulties are acoustical, due to 
shocks or powerful low frequencies (such as the low tones of the 
organ), causing the tube elements to vibrate. Three tubes of the 
UV-201-A type are employed, the output of the amplifier being 
fed thru a step-down transformer to suitable input terminals on 
the standard portable amplifier previously described. Each 


10 References in connection with the condenser transmitter: E. C. Wente, 
о Review," 2d series, volume 10, page 39, 1917; and volume 19, page 
498, 1922. 

I. B. Crandall, “Physical Review," 2d Series, volume 11, page 449, 1918. 
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Figure 36—Condenser Transmitter Amplifier, 
Exterior 


socket is mounted on soft rubber, and the three tubes enclosed 
in a metal case for electrical shielding. This case is hung on 
springs inside of a large wooden felt-lined box, for preventing the 
access of acoustic or mechanical vibrations. The condenser trans- 
mitter is used only where it is necessary to locate the pick-up 
device at a distance from the source, and where the sound is 


Figure 37—Condenser Transmitter Ampliher, 
Interior 
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relatively weak, so that the hiss of the carbon transmitter would 
be noticeable to an undesirable extent. Such occasions arise at 
times in broadcasting large organs, or symphony orchestras, 
where it is desirable for good balance to have the microphone out 
some distance, because of the widespread area occupied by these 
sources. For general use, however, the condenser transmitter 
is undesirable because of the fact that long leads cannot be run 
to it from the amplifier, and the extra amplifier with batteries 
are an inconvenient extra burden. 
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Figure 38—Condenser Transmitter Amplifier, Wiring 
Diagram 


MICROPHONES AND MICROPHONE Носвімсв: The micro- 
phones used on outside work are of the same double button car- 
bon type as previously described (Figure 8), except that a modi- 
fication is made in the diaphragm characteristics of these for 
certain kinds of work. In the microphones previously described, 
a diaphragm is used which is stretched so as to have a natural 
frequency of about 7,000 cycles, and heavily damped by means 
of an air damping chamber back of the diaphragm. Normally 
the spacing between the back of the damping chamber and dia- 
phragm is about 0.001 inch (0.025 mm.). Under these conditions 
a certain ratio exists between the voltage generated by the micro- 
phone for a given sound pressure and the hiss due to the carbon, 
called the output-hiss ratio. For stage work it is sometimes de- 
sirable to use microphones having a greater output-hiss ratio 
than the normal, to pick up speech or music where the actors 
may be 15 to 20 feet (5 to 7 meters) from the microphone. This 
may be secured by making the microphones with a lower natural 
frequency (less tension on the diaphragm) and somewhat lower 
damping (greater air space). This sacrifices high frequencies 
somewhat, but not seriously. For other purposes a microphone 
going to the opposite extreme, namely, a lower output-hiss ratio 
is desirable. This is the case where the microphone is used on 
very loud sounds, which might cause the normal type to blast. 
Such a contingency occurs when the microphone is used in an- 


790 


nouncing from boxing matches. Неге the noise from the crowd 
is at times terrific, and the announcer must shout into the trans- 
mitter at the top of his voice to have his speech go over the noise. 
For this purpose the microphone can be made with heavier 
diaphragms, such as steel, so that the force impressed on the car- 
bon is less for a given sound pressure than in the normal micro- 
phone. 

These microphones are enclosed in various types of housings, 
except that where it is desired to render the microphone as incon- 
spicuous as possible, it is hung without a housing. In the de- 
sign of housings it is always necessary to be sure that the enclos- 
ure will not have a natural frequency in the audible range, other- 
wise distortion will result. It seems that most of the sounds we 
have to deal with, as they strike a microphone in its housing, con- 
tain a great many steep wave fronts, which shock-excite anything 
having a natural tendency to vibrate into oscillations at its 
natural frequency and damping. Hence resonance in a housing 
or in the microphone makes itself heard as a more or less СОП- 
tinuous “ringing” along with the sounds desired. The best form 
of housing is one which has a minimum amount of solid wall, and 
in which the enclosing surfaces are perforated or covered with 
gauze as far as possible. In all cases the microphone is hung on 
springs or rubber bands. 

A number of typical housings are shown in Figure 39. The 
smallest is used for general pick-up purposes, on the stage, for 
orchestras, public addresses, and so on. The next in size is for an- 
nouncing, and is therefore made so as to be heldin thehand. Then 
there is a support of adjustable height, for use with small orches- 
tras, where it may be necessary to have the microphone from 
three to five feet (1 to 1.5 meters) above the floor. In Figure 40 
а special housing of attractive appearance, designed!! especially 
for use in broadcasting speeches from banquets, is shown (front 
and rear views). This housing, when standing on the table, 
brings the microphone to about the height of the speaker's chest ; 
this gives а much better frequency response than having the 
microphone on the table, as it is found in the latter case that high 
frequencies are principally absent (perhaps due to greater absorp- 
tion by the table coverings) and the speech sounds thick or 
muffled. 

OPERATION OUTSIDE OF STATION 


An event outside of the station is supervised from the con- 


пи Тһе originalfmodel was designed by Mr. Edwin Field Sanford, Jr., а 
well-known sculptor of New York City. 
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trol room in much the same way as a studio performance. Тһе 
"outside crew," usually consisting of two men for a normal 
event, will report at the place from which the broadcasting is to 
be done, several hours in advance, set up their apparatus, run the 
microphone wiring, and test the line to the station which has 
been previously installed Бу а lineman. They can then test their 
choice of microphone placing, if suitable sounds are available 
(for example, in the case of a hotel orchestra), by listening to the 
output of the portable amplifier, and assure themselves that 
proper balance and correct output-hiss ratio are present. About 
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Кісене 39—Typical Microphone Stands 


five minutes before the event is due, they stand by with head- 
phones across the broadcasting line and have their announcer 
and performers ready. The control operator then calls them and 
informs them approximately of the time he will be ready for them, 
the distant operators using the announcing microphone and am- 
plifier to reply. At the moment the studio performance is com- 
pleted the control man says “Оп the air" and switches the line 
to the input of the control room line amplifier. In the reverse 
case, where a transfer is to be made from the outside performance, 
a pair of telephone receivers is provided for the announcer in the 
studio by means of which he can listen to the material going out 
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of the station; as soon as the distant announcer has announced 
the end of his program, the control operator switches the studio 
to the amplifier and at the same time the studio announcer takes 
up the program. 


FIGURE 40—Special Microphone Stand, Designed by E. Г. 
: m е 
Sanford, Jr. 


In the ease of theatrical performances, one or more rehearsals 
are held before the broadcasting. This is done at actual per- 
formanees, On previous matinees ог evenings, with half a dozen 
microphones placed at strategic locations, on the stage and in 
the house, connected to the switches on a standard portable 
amplifier. Тһе operator who is to handle the event finally 
chooses two microphone locations (usually one in or above the 
footlights and one in the orchestra), which will best pick up the 
performance, switehing from one to the other if required, to take 
orchestra only, or sounds coming from the stage only. Тһе 
switching is done by working the individual microphone volume 
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controls, bringing up one while reducing the other, so that the list- 
ener is not aware of the change, as he would be from the click of a key. 

Similar trial placings are made wherever the event is of a new 
character or likely to be difficult. However, the majority of the 
work cannot be carried out this way, as often the event only 
happens once (as in the case of athletic events) and set-ups must 
be made from previous experience with various contingencies 
anticipated if possible. This work outside the studio often calls 
for considerable resourcefulness and quick thinking on the part 
of the operating staff, if the performance is to go smoothly. 

A number of microphone placings have become fairly well 
standardized, and serve as a guide when trials are not possible. 
Some of these are shown in Figure 41. 
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Іп places outside of the station there is usually по means of 
controlling the reverberation time of the auditorium or the dis- 
tribution of the sound. The general rule is to have the micro- 
phone fairly close up, and the distances indicated on the figure 
have been found to give quite good balance of orchestras, with- 
out the reverberation that would be heard at greater distances 
(for example, on the balcony rail in a theatre). It will be noted 
that for grand opera two microphones are used for the orchestra, 
one to take each of the two halves; while for the average orchestra 
a single microphone placed near the first violins usually picks 
up enough from the remaining instruments to give a sufficiently 
satisfactory balance. At any rate, until a pick-up device is іп- 
vented that can be placed at a distance without showing excessive 
reverberation, relatively close placing with a multiplicity of 
microphones, paralleled when necessary, is likely to continue. 
With this close placing, apparently small differences in position 
will sometimes show surprisingly large differences in the char- 
acter of the sound picked up. For example, a microphone placed 
in the footlights on a stage does not appear to get nearly as good 
a range of frequencies from speech on the stage as one placed 
above the footlight level and on a small shelf projecting out over 
the orchestra pit. Thus a certain amount of preliminary explora- 
tion is very desirable, particularly where abrupt changes in the 
contour of the house occur or where reflection or absorption of 
the sound waves is likely to take place. 

One point in connection with work outside the station con- 
cerns the control of modulation. Where the sound volume to 
be transmitted is more or less uniform, as in the case of speech, 
the outside operator keeps his gain control set so that an approxi- 
mately constant level of intensity is sent into the line, as indicated 
by the volume indicator, and the control operator at the station 
controls the percentage modulation as usual. However, with 
such work as grand opera, where the volume is constantly chang- 
ing, the best method of control is to have the control room oper- 
ator make an initial modulation setting corresponding to a cer- 
tain level (on the announcer’s speech, for example), and then have 
the operator at the theatre listen to the performance as it leaves 
the station’s antenna, by means of a small portable receiving set, 
adjusting the gain on his portable amplifier so as to keep proper 
output or to avoid over-modulating the radio transmitter. Thus 
a guide to the average volume is obtained by the volume indi- 
cator, and to over-modulation by the sound of the performance 
as heard in the receiving set. After a very short time the operator 
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soon learns to adjust the gain control so as to keep pace with the 
slow changes in volume, and to set his gain so as to avoid over- 
modulation on the occasional loud bursts. Of course, it is prac- 
tically essential that an operator for this sort of work should have 
a good musical sense, and it is desirable that he be familiar with 
the operas to be broadcast. 


SIMULTANEOUS BROADCASTING AND SPECIAL WIRE LINE 
APPARATUS 


In Figure 31 certain wire lines have been shown for linking 
the New York, Schenectady, and Washington stations for simul- 
taneous broadcasting. To carry out this work necessitates the 
use of special apparatus, fitted to take energy from a line or from 
station equipment and transmit it out over a number of circuits 
simultaneously, without interaction between circuits, and with- 
out the possibility of an accident on one circuit affecting the 
others. At the same time it is desirable to arrange for the use 
of greater than ordinary telephone energy levels, if desired, so 
as to permit of a greater ratio of signal to disturbances (cross- 
talk or noise) on the line, and also to arrange for correction of 
xine characteristics. All of this obviously involves the use of 
special vacuum tube amplifiers, and certain units of apparatus 
have been standardized on which can be arranged and connected 
(directly or via a switchboard) to meet various requirements. A 
number of such units are arranged on racks at each broadcasting 
station. 

In Figure 42 (a) is shown a set-up for simultaneous broad- 
casting from a station or line to three outgoing lines. The ap- 
paratus is divided into units as shown, the input terminals of 
the preliminary amplifier and the output terminals of the mul- 
tiple repeaters being connected to jacks on a telephone and tele- 
graph switchboard, at which the various lines are terminated on 
jacks also, so that various connections can be made with plugs 
and cords. 

When used from a station to lines, the preliminary amplifier 
is connected to the output from the main modulation control; 
hence, after a preliminary setting of volumes at the distant sta- 
tions, the modulation at all stations is controlled simultaneously 
from the initiating station. А volume indicator is provided for 
use in making preliminary adjustments, but the normal function- 
ing of the multiple amplifiers during operation is supervised by 
observing that the plate current ammeters of all the repeaters 
flicker in unison. А plate voltage of 500, and UV-202 tubes 


(normally rated at 5 watts as oscillators) аге used, and with these 
а maximum of 5 volts (root-mean-square), audio frequency, may 
be impressed on the outgoing lines, should it be required. 

With incoming signals, a repeating coil and line corrector 
(often termed “attenuation equalizer” in telephone practice) can 
be connected to any line, and the output of the corrector to the 
input of one of the line amplifiers in the control room amplifier 
rack, via the telephone switchboard. 
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(b) FROM LONG WHEE LINE TO STATION 
FıcurE 42—Certain Arrangements Used in Simultaneous Broadcasting 


This is shown in Figure 42 (b). The function of a line cor- 
rector is to amplify various frequencies in inverse proportion to 
their loss on the line, so that the combined frequency transmis- 
sion of line plus corrector is sensibly uniform over as wide a range 
as possible. In the particular corrector shown each tube and its 
associated circuit has a rising frequency amplification character- 
istic which when combined with thefalling frequency transmission 
characteristic of the line gives uniform over-all transmission for 
a considerable frequency range. Тһе required characteristic for 
any particular lineis obtained by suitably proportioning the induc- 
tances and resistances in the plate circuits of the tubes. Similar 
arrangements can be made to correct transmission over various 
types of circuits, such as underground cable, open wire lines, and 
80 оп, and a corrector supplied to go with each circuit which is 
normally used. The three-tube corrector shown can also be used 
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іп sections, or other sections added, for greater or lesser lengths 
of the type of wire circuit which it is required to correct. 

Communication between the various stations, while broad- 
casting is going on, is handled by means of telegraph over the 
same lines, the two wires of a pair being used in parallel against 
ground in accordance with standard practice. 


BROADCASTING STATION AT WASHINGTON, D. С. 


This station, having the call letters WRC, is located at 14th 
Street and Park Road, N. W., the quarters being leased in an 
office building. The choice of location was necessitated by the 
fact that in the main hotel and theatre district of Washington 
it was not permitted to place antenna towers on the roofs of 
existing buildings, because of maximum building height restric- 
tions. The site chosen is approximately 2 miles (3.2 km.) from 
this district, but connections to the principal possible sources 
of broadcasting are being made by means of underground cable 
installed by the Postal Telegraph Company. 

The building in which the station is situated and the an- 
tenna towers are shown in Figure 43. Тһе antenna towers аге 
100 feet (31 meters) high and the antenna is a “Т” with flat top 
160 feet (49 meters) long. Since this building is quite low, it 
was possible to place the studio, control and transmitter rooms 
on the same floor (about 20 feet (6.2 meters) below the roof), the 
antenna lead-in being run down the side of the building in the 

form of stiff copper tubing spaced away from the wall. The 
arrangement is less expensive in installation and operating cost 
than in the case of the New York station, where it was not pos- 
sible to secure space on the upper floors of the building (close 
to the roof). 

The arrangement of rooms (Figure 44) is similar to that in 
New York except that the transmitting sets and control appara- 
tus are placed in the same room, so that one operator can handle 
all of this apparatus. Views of the operating and motor-generator 
rooms are shown in Figures 45, 46, and 47, and the studio in 
Figure 48. The equipment in general is the same as that in the 
New York station, and the acoustic treatment of the studio the 
same. А point that may be of some interest is the mounting of 
the motor-generator sets, to prevent vibration and noise from 
reaching the control room or other parts of the building; these 
are placed in a room having felt-lined walls and ceiling, each 
motor-generator set on a steel bed plate placed on a three-inch 
(7.6 ст.) cork mat; the cork is a few inches larger all around than 
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the bed plate, and along each of its sides a piece of angle iron is 
placed, one side of the angle being secured to the floor and the 
other projecting several inches above the top of the bed plate. 
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Гіссеке 43—site of Washington Broadcasting Station 


Between this vertical side and the motor-generator base a cork 
strip is placed; thus the machine rests on cork, and is prevented 
from moving sidewise by the angle irons and cork strips. Хо 
holding down bolts are used on the machine base. Hence all 
vibration from the machine must travel thru cork, and the felt- 
lined room greatly reduces the noise generated within the room 
or transmitted thru the walls. The arrangement is quite suecess- 
ful, the noise of the machines being so low as to be negligible in 
the control room next door. 
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The wire line system іп Washington is not nearly so extensive 
as in New York, since Washington is a smaller city and there are 
a lesser number of points outside the studio from which events 
of broadcasting interest can be obtained. To reach these, a 
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Figure 45—Washington Broadcasting Station Operating Room, 
Showing Control Desk, Duplicate Transmitters, and Filter Panel 
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special 5-pair underground cable two miles (3.2 km.) long con- 
nects the station with the main terminal office of the Postal 
Telegraph Company, in the center of the hotel and theatre dis- 
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FIGURE gcse aca ian Broadcasting Station Operating Koom, Snowing 
Control Room Amplifier Rack and Oscillograph 


Figure 47—Washington Broadcasting Station, Motor Generator Room 
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trict. Неге connections are made as required, to various existing 
underground cables of this company in order to reach desired 
points. All of these cables consist of twisted pairs, and there- 
fore are suitable for telephone use. One of the pairs in the cable 
to the station is permanently connected to the long distance line 
to New York, at the terminal office. The equipment used on the 
wires and the portable equipment is the same as previously 
described. | 


FiGvRE 48— Washington Broadcasting Station, Studio 
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SUMMARY: The general arrangements of the broadcast transmitting sta- 
tions established by the Radio Corporation of America in New York and Wash- 
ngton, D. С. (U. S. A.), are described. The station and portable apparatus, 
with wiring diagrams and frequency characteristics, are shown. Each station 
has an associated local wire line network, for broadcasting from points outside 
the studio, and long distance lines inter-connect the studios at New York, 
Washington, and Schenectady, N. Y., for simultaneous broadcasting. Equip- 
ment for this purpose is described. Various points in connection with practi- 
cal operation in studio or outside broadcasting, such as supervision, micro- 


phone placing, and modulation control are dealt with. Experiences in two- 
channel transmission, at New York, are discussed. 
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AN INTERNATIONAL COMPARISON ОЕ RADIO WAVE- 
LENGTH STANDARDS BY MEANS OF PIEZO-ELECTRIC 
RESONATORS! 


By 
W. G. CADY 


(WESLEYAN UNIVERSITY, MIDDLETOWN, CONNECTICUT) 


While traveling last year in Italy, France, and England, the 
writer took advantage of the opportunity to make some wave- 
length comparisons between his piezo-electric resonators and the 
standard wave-meters or other high-frequency standards in those 
countries. Six resonators were used of wave-lengths in the 
neighborhood of 200, 400, 1,300, 3,300, 10,300, and 20,800 
meters. Four of these had been compared with the wave-meter 
at the Bureau of Standards in Washington in December, 1922, 
and all were sent to Washington for re-comparison at the close 
of the trip. | 

Observations were made in Italy at the Istituto Centrale 4. 
Radiotelegrafia ed Elletrotecnica del Genio Militare іп Rome, 
and in the Istituto Elletrotecnico e Radiotelegrafico della Regia 
Marina at the Naval Academy in Livorno; in France, at the 
Etablissement Central du Materiel de la Radio-télégraphique 
Militaire in Paris; and in England at the National Physical 
Laboratory in Teddington, and the research laboratory of the 
Royal Aircraft Establishment at Farnborough.?. 

The dimensions of the resonators are as follows: 

G1, quartz rod 1.76Х1.18Х0.63 mm. 
G2, quartz гоа 3.60Х1.40Х0.51 mm. 
G3, quartz rod 12.02 X2.16X1.08 mm. 
G4, quartz rod 30.3 Х2.64Х1.28 mm. 


1 Communication from the International Union of Radiotelegraphy. Re- 
ceived by the Editor, June 3, 1924. 

? For theory and description of the piezo-electric resonator, see PROCEED- 
INGS OF THE INSTITUTE OF Влою ENGINEERS, volume 10, page 83, April, 
1922. А few corrections are given in the number for August, 1922, title page. 

3 I take this opportunity of expressing my thanks to Dr. С. Vanni, Director 
of the Institute in Home, Lr. G. Vallauri, of the Italian Naval Academy, Gen- 
eral Ferrié and Messrs. R. Jouaust апа В. Mesny of the French Ministry of 
War, Mr. D. Dve of the National Physical Laboratory, and Major Le Fry of 
the Air Ministry in England, for the courtesies which they extended to me 
in their laboratories. 

* For photographs of resonators, see Figures 7 and 9 in the paper in the 
PROCEEDINGS referred to above. 
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These four rods were mounted together іп а bakelite casing 
8.91.7 X1.6 cm. 

F23, steel rod 90.5 Х9.75 Х8.16 mm.,to the opposite sides of 
which were cemented quartz plates 8.9 Х 8.95 X 1.13 mm. 

F24, steel rod 180X9.23X3.14 mm., with quartz plates 
13.4 X9.0X 1.18 mm. 


METHODS OF COMPARISON 


Four different methods of comparison were employed, the 
choice in each case depending upon the laboratory facilities 
available for the various wave-lengths. 

METHOD A—The resonator is connected in parallel with the 
capacity of the wave-meter, the circuit of which must also contain 
an indicating instrument—for example, hot-wire meter or thermo- 
element of low resistance*. А tube generating circuit with fine 
frequency-regulation is loosely coupled to the wave-meter, and 
the two circuits are brought into resonance at approximately the 
natural frequency of the resonator. Тһе generator frequency is 
then slowly varied one way or the other until a sudden and very 
sharply defined minimum in the wave-meter current indicates 
that the resonator frequency has been very exactly reached. 
Leaving the generator oscillating at this point, we remove the 
resonator and adjust the wave-meter to resonance with the gen- 
erator as precisely as possible. In place of the wave-meter, an 
auxiliary tuned circuit containing resonator and indicating in- 
strument may of course be used. The wave-meter itself is then 
compared by any desired method with the generator, after the 
latter has been adjusted to resonator frequency. 

METHOD В This is similar to Method А, save that the tuned 
secondary circuit, which may or may not be the wave-meter, 
contains а detector and telephone receiver in addition to the 
resonator. When the generator capacity is varied, resonance 
with the resonator is indicated by a click in the receiver, which 
usually comes at slightly different points on increasing and de- 
creasing frequency. Тһе mean of these is taken as the correct 
setting of the generator. 

METHOD C—A telephone method, similar to Method B, but 
having in the generator circuit a small capacity and key in parallel 
with the tuning condenser. When the generator is adjusted to 
resonator frequency, the key is closed, causing the frequency to 
change abruptly by а small amount. А brief beat note is heard 
- — $ PROCEEDINGS or THE INsTITUTE оғ RaDio ENGINEERS, previous cita- 
tion, Figure 3. 
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іп the secondary circuit, caused by interference between this new 
frequency and the frequency due to the vibration of the resonator. 
When this note is of maximum loudness we know that the gen- 
erator, before the key was pressed, was adjusted very precisely 
to resonator frequency. 

Метнор D—This method makes use of the frequency-stabil- 
izing property of the resonator.* The latter‘is connected in paral- 
lel with the tuning condenser of the generator, which must be 
of low power. The frequency is varied until the characteristic 
click in a receiver in the generator circuit, or in a tuned receiving 
circuit loosely coupled to it, is almost but not quite reached. If 
the secondary receiving circuit is regenerative, a beat note is 
heard, the pitch of which becomes practically constant when the 
stabilizing frequency of the resonator is reached. The generator 
frequency may then be compared with that of the wave-meter. 
For comparisons of highest precision, the difference between the 
stabilizing frequency and the natural vibration-frequency of the 
resonator must be taken into account. This difference is never 
over a tenth of a percent, and was disregarded in the present 
work. 

Using Methods A or C, comparisons may be made which are 
accurate to within one part or less in 10,000. With Methods 
B and D, the order of accuracy is one part in 1,000. As to the 
constancy of the piezo-electric standards themselves, the follow- 
ing may be said: A variation in the distance between the brass 
electrodes, between which the crystal resonator lies, has a slight 
effect upon the natural frequency of vibration, as does also a shift 
in the position of the crystal when the air gap on each side 18 con- 
siderable. With the standards mentioned in this paper, such 
variations can hardly have amounted to more than one part in 
1,000. Improvements in construction have been effected since 
these comparisons were made, which greatly reduce the possibil- 
ity of chance variations in frequency. 

Measurements of tempcrature coefficient indicate that an in- 
crease in temperature of 1° C. lowers the natural frequency of 
quartz resonators by one part in 200,000, and of steel resonators 
by one part in 10,000, approximately. 


OBSERVATIONS 
The comparisons made at the several laboratories will now 
be considered in detail. 


$ PROCEEDINGS OF THE INSTITUTE OF Клоо ENGINEERS, previous cita- 
tion, page 112. 
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In Tables I to V, the symbol p stands for what we may term 
the “ргесізіоп of comparison.” It is an approximate estimate, 
expressed in percent, indicating the precision with which the 
wave-meter is probably tuned to the resonator. It is based on 
consideration of degree of coupling found necessary, accuracy 
with which the auxiliary generator set is tuned to the resonator, 
and precision of comparison between auxiliary generator set and 
wave-meter (or multi-vibrator). Except in Tables IV and V, p 
does not include the errors in wave-meter calibration. In most 
cases, the sharpness of tuning between generator and resonator 
was much greater than that between wave-meter and generator. 

April 13-24, 1923. RapIoTELEGRAPHIC INSTITUTE, ROME.— 
Resonators G1, G2, G3, and G4 were compared with Wave- 
meter Number 6, Signals Experimental Establishment, Wool- 
wich. A calibration of this instrument in terms of a Marconi 
standard, carried out some months later, indicated that all read- 
ings should be increased by two percent. This correction has 
been applied in the last column of Table I. 


TABLE I 


| Wave-lengths in Meters 


Re- Method р 


t 
sonator Oliserved | Меап Corrected 
| Mean 


a | | | | нь ———————— 


QQWFrr De 


April 26-28, 1923. NAVAL ACADEMY, LivonNo.—All resona- 
tors except G1 were compared with a standard Marconi wave- 
meter, Number 15,700. A later calibration of this wave-meter 
showed that all values of wave-length should be increased by 
0.35 percent. The values so corrected are still probably some- 
what too small, since in the resonator comparisons a thermo- 
element was in the wave-meter circuit. The calibration of the 
wave-meter consisted in a careful determination of its capacities 
and inductances, and took no account of the thermo-element. 
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Unfortunately, a wave-meter which Dr. Vallauri had calibrated 
by means of a high-frequency alternator whose speed was con- 
trolled stroboscopically by a standard tuning fork, was not avail- 
able for these comparisons. Observed and corrected values are 
recorded in Table IT. 


TABLE II 


| 


| Wave-lengths in Meters 


Resonator | Method 


р Observed | Corrected 


‚2% 385 386.4 


0.2 

0.1 1222 1226 
0.2 1240 1244 
0.15 3243 3254 
0.1 10278 10314 
0.1 20691 


June 15-18, 1923. Мплтавү RapIOTELEGRAPHIC LABORA- 
TORY, Panis.— Comparisons were made with Wave-meter Num- 
ber 7, Modele Radiotélégraphique Militaire, System H. Armag- 
nat, made by Précision Electrique, Paris. The circuits employed 
were those described by M. Mesny for the measurement of re- 
sistances at high frequency. Extremely loose coupling was used 
thruout. Immediately upon the conclusion of the resonator com- 
parisons, the wave-meter was compared with a standard tuning 
fork by Abraham's multi-vibrator method. The slight correc- 
tions obtained in this manner are included in the wave-length 
values in Table III. 

TABLE III 


Re- 


sonator 


Method p 


G1 
G2 
G2 
G3 
G4 
G4 
F23 
F24 


Note on Table III: The two 
observations on (14 were sep- 
arated by an interval of sev- 
eraldavs. In the absence of 
an explanation of the large 
discrepancy vetween them, 
the mean value, 3,264 m. 
10,355 has been chosen. 


20,760 


>>>>>О>»О 
өйы u d ud ui a сз) 
сбл ообо 


8 Thermo-element out, hence this value considered best. 
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July 1-3, 1923. NATIONAL PHYSICAL LABORATORY, TEDDING- 
TON.— The writer was so fortunate as to be able to compare the 
resonators directly with the standard multi-vibrator, the funda- 
mental frequency of which was determined by a tuning fork of 
999.94 cycles per second. Method À was used thruout, an 
auxiliary generator set being carefully tuned to а thermo-electric 
circuit containing the resonator. The coupling was kept ex- 
tremely loose—an important precaution when great accuracy is 
sought. 


KiLOCYCLES 
Ғісске 1—Resonance Curve for Quartz Resonator G1, which has a Fre- 
quency over 1,500 Kiloeycles. Тһе Resonance Point is at the Bottom of the 
““Crevasse”’ 


The precision with which the generator could be adjusted to 
the resonator frequency is shown by the curve in Figure 1. Or- 
dinates represent milliamperes in the thermo-electric circuit, and 
abscissas the impressed frequency. In the absence of the re- 
sonator, the curve would be an ordinary resonance curve, with- 
out the sharply-pointed “сгсуаззе.” When the resonator 
is in circuit, the curve suddenly develops a small and very sharp 
crevasse as the generator frequency is increased. Тһе bottom 
of the crevasse is extremely sharp. It comes at the same 
setting of the generator condenser, whether the peak of the 
curve of electrical resonance occurs at this frequency or not, but 


? Mesny, “L’Onde Electrique." volume 1, page 164, 1922. 
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the effect is of course more pronounced the closer together the 
frequencies lie—that is, the better the electrical tuning of the 
thermo-electric circuit. In Figure 1 the electrical resonance 
comes at a slightly lower frequency than the mechanical resonance 
of the resonator. The figure also shows strikingly how much 
sharper the mechanical resonance was than the electrical re- 
sonance, in spite of the fact that the electric circuit was well 
designed and of low resistance. It should be noted that the frag- 
ment of quartz crystal producing this effect weighed only 3.3 
milligrams. 

Settings could be made to within 0.05 mmf. This corresponds 
to a precision of one part in 20,000, that is, of one centimeter in a 
200-meter wave. Of course this has only to do with the precision 
in making settings. To measure the absolute frequency with this 
precision is another question. The multi-vibrator principle 
seems to be the only one at present making possible the measure- 
ment of absolute frequencies with this degree of accuracy. 

A similar degree of precision (a few parts in 100,000), was 
attained with the other resonators. In each case, after the auxil- 
iary generator circuit had been tuned to the frequency of the 
resonator, its frequency was determined by interpolation be- 
tween selected harmonics of the standard multi-vibrator. 

The fundamental frequency of the multi-vibrator was con- 
trolled, as has been stated, by a tuning fork of approximately 
1,000 vibrations per second. The auxiliary generator set was 
brought alternately into synchronism with the quartz resonator, 
by the method outlined above, and with one of the multi-vibrator 
harmonics. In this way the effect of any drift in the frequency of 
the generator was eliminated. 

The following information concerning the method of cali- 
brating the generator set has been kindly furnished by Mr. Dye, 
of the National Physical Laboratory: 

“The calibration of the generator set is carried out by adjust- 
ment of an open scale standard air condenser forming a small 
part of the total capacity of the generator oscillatory circuit. 

“When the selector condenser of the multi-vibrator selector 
is set so as to select the desired harmonic having a frequency 
near that under measurement, a beat tone is heard in the ampli- 
fier receiving the two frequencies. By adjustment of the gen- 
erator frequency this beat tone can be reduced to zero frequency, 
when the generator frequency becomes synchronous with that 
of the selected harmonic. 

"Fidueial points are thus obtained at frequencies of, for ex- 
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ample, 30, 31, 82... kilocycles per second. It will be seen 
that in this region of frequency these points differ in frequency 
by three percent, which, tho not large, does throw considerable 
resposibility on the accuracy and uniformity of the scale of the 
standard condenser when an accuracy of one or two parts in ten 
thousand is required. It is fortunate, however, that a number 
of subsidiary synchronizations can be obtained at frequencies 
intermediate between the main harmonics. For example, when 
the generator is set at frequencies close to 30.250, 30.333, 30.500, 
30.667 and 30.800 kilocycles per second, slow beats may also be 
heard and can be reduced to zero rate by very precise adjust- 
ment of the source. 

“Тһе explanation of these beats is, of course, that in the multi- 
vibrator selector circuit currents at the frequencies of the neigh- 
boring harmonics 29 and 31 are present. When the generator 
is set at, say, 30.333, the difference tone 333.3 cycles per second 
between its frequency and the 30th harmonic of the multi- 
vibrator is heard, and also the difference tone 666.7 cycles per 
second between the generator and the 31st harmonic. The 
second harmonic of the difference tone 333.3 cycles per second 
then interferes with the 666.7 cycles per second difference tone 
and gives the slow beat by which the final setting is actually 
made. 

“Тһе setting on the generator condenser is extremely precise 
for these sub-harmonics and the resulting accuracy is therefore 
very great." 

For example, consider the case where one is obtaining a beat 
between the 4th harmonic of the 200 beat tone corresponding to 
one main multi-vibrator harmonie, and the 800 beat tone cor- 
responding to the next multi-vibrator harmonie, that is, a gener- 
ator frequency of 30,200. If now the generator frequency is 
altered to 30,201, the 200 beat tone becomes 201 and the 4th har- 
monic of 201 is 804; also the 800 beat tone becomes 799, the beats 
between these are 5 per second for а change of one cycle per 
second in the source. These subsidiary harmonic beats are very 
valuable for interpolating purposes, and remove nearly all the 
responsibility from the frequency-adjusting condenser in the 
generator circuit." 

For the resonators of highest frequency, a harmonic of a har- 
monic was employed in calibrating the generator set. That is, 
by the use of the selector circuit of the multi-vibrator, one par- 
ticular harmonic of the 1,000-cycle fundamental was amplified, 
and a group of its harmonics used for the calibration. Thus in 
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the case of the resonator G1, of over 1,500-kilocycles frequency, 
it was necessary to extend the range to the 76th harmonic of a 
fundamental of 20,000 per second, this latter being in turn the 
20th harmonic of the tuning-fork frequency. Synchronism was 
obtained between the generator and sub-harmonics of frequencies 
1,528, 1,524, 1,524.5, 1,525, and 1,526 kilocycles, as well as the 
main harmonies (76th and 77th), 1,520 and 1,540 kilocyeles, 
respectively. 

The results obtained at the National Physical Laboratory are 
given in Table VI. Тһе precision of comparison in each case 18 
estimated to be a few parts in 100,000. 

July 20, 1923. Вохль ArRcRAFT ESTABLISHMENT, FARN- 
BOROUGH.— Resonator G4 was compared with the standard wave- 
meter by methods A and D, and a mean value of 3,275 meters 
found for the wave-length, the order of precision being 0.1 percent. 

At the BUREAU oF STANDARDS in Washington the frequencies 
of Resonators F23, F24, and G3 were measured in December, 
1922, and in September, 1923, the frequencies of all six were 
measured. Method A was used, and the auxiliary generator set 
was compared with the standard wave-meter. The precision was 
estimated at the Bureau of Standards to lie between 0.1 and 0.2 
percent, probably nearer to 0.1 percent, and this figure includes 
the precision of the wave-meter itself. As the writer did not make 
the comparisons in person, he is unable to estimate the probable 
precision of the piezo-electric comparisons by themselves, p, as 
distinguished from the probable accuracy as the wavemeter, 
hence the value of p ш Table IV includes the estimated wave- 
meter деситасу. 


TABLE IV 


| Wave- 
Date Resonator | length in 
Meters 


December, 1922 | LAU 
December, 1922... 7 è 10,390 
December; 1922........ 2. 20,500 


September, 1023. 196. 
September, 1923........ 393. 
September, 1923........ | 1,270 
beptemben. |. Ул; erisa 3,277 
September, 1923........ 10,400 
ке Өе: 1995... uim us 20,790 
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In Table VI, the mean values from Table IV are reproduced, 
converted into kilocycles. 

The Bureau of Standards wavemeter is calibrated for the 
lower frequencies in terms of a standard tuning fork, for the higher 
frequencies by means of stationary waves on parallel wires. 
Over the range where the frequencies overlap, the values check 
to within 0.1 percent. 
уз In January, 1923, Professor С. W. Pierce kindly measured 
the frequencies of resonators G1, G2, G3, and G4, by compari- 
son with the multi-vibrator in the Crurr LaBoRATORY at Har- 
vard University. In October, 1923, these observations were re- 
peated, and data were also obtained for F23. Method D was 
employed. Following are the values obtained, a slight correction 
for frequency of standard tuning fork having been applied: 


TABLE V 


Wave- 


Date Resonator| length | 


in Meters | 


January, uut G1 196.7, 
January, 1923........... G2 393.6 
January, 1923, | G8 1,273 
January, 1923........... G4 | 8,272 
October, 1923 Gl 196.5 
October, 1923 G2 392.9 
October, 1923 G3 | 1,271 
October, 1923 G4 3,266 
October, 1923 F23 10,363 


5 


кі кі кі м һ4 һ4 ма м4 мм 


Mean values from this table are given in the general summary 
in Table VI, converted into kilocycles. The same remarks con- 
cerning the precision of comparison p apply to Table V as to 
Table IV. 


SUMMARY AND CONCLUSION 

The entire series of comparisons is now summarized in Table 
VI, wave-lengths being converted into kilocycles. The velocity 
of electromagnetic waves is assumed to be 3X10" centimeters 
per second. 

In computing the “weighted means," only those values based 
ultimately upon the frequency of a standard tuning fork (or, at 
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the Bureau of Standards, upon waves оп parallel wires) аге соп- 
sidered. Inasmuch as the comparisons at Teddington were made 
directly with the multi-vibrator, weight 3 is attached to these 
values. In Paris, one day elapsed between the comparison of 
the wave-meter with the resonators and that with the multi- 
vibrator, hence weight 2 is assigned in this case. Values obtained 
at the Bureau of Standards and the Cruft Laboratory receive 
each weight 1. 


TABLE VI 


Station G1 G2 G3 G4 | F23 | F24 | Weight 


758.2 |234.9 |02.14 
776.4 |241.2 |92.19 (29.09 14.49 
761.4 [235.8 |91.91 |28.97214.451 


Teddington 
Farnborough 91.60 
Bureau Stand....../1,526 [762.7 |236.1 |91.55 |28.835|14.420 


Cruft Lab 1,526 762.9 |235.9 |91.78 |28.948 
Weighted means... . 
Probable error of 


weighted meansin| 0.032! 0.018, 0.009! 0.051| 0.040| 0.027 
percent 


The weighted means are shown at the bottom of Table VI, 
as well as the probable error of each, computed in the usual way 
from the values used in deriving the weighted means. This 
"probable error" should be regarded only as а means for judging 
the closeness of agreement between the observed values at the 
different stations. Owing to the fact that in some cases different 
methods of comparison were employed at different stations, and 
also owing to possible changes in the natural frequencies of the 
resonators resulting from transportation and so on, the values 
should not be taken too confidently as an exact measure of the 
agreement between the wave-length standards in the countries 
visited. Nevertheless, the writer ventures the belief that they 
may not be entirely valueless in this respect. 

The deviations of the values obtained at each station from the 
weighted mean are given in Table VII. 

Considering only Paris, Teddington, Bureau of Standards, 
and Cruft Laboratory, we find the greatest single deviation to 
be 0.38 percent, while the average of all deviations in Table VII 
for these four stations is 0.11 percent. "This is of the same order 
of magnitude as the estimated ''precision of comparison," and 
it indicates that the wave-length standards in the four laboratories 
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named аге іп agreement, on the average, to within one part in a 
thousand. 


TABLE VII 


DEVIATION, IN PERCENT, FROM WEIGHTED MEANS 


Station 


—0.43 |--0.52 
i +2.2 |+0.58 |+0.50 |+0.41 
—0.08 |-0.038 --0.27 |-+0.0971-+0. 14 


Teddington —0.022|4-0.000| —0.192| 4-0.055| 0.07 
Farnborough —0.061 

Bureau Stand . +0.09 |+0.08 |—0.12 |—0.38 

Cruft Lab | +0.12 0.00 |+0.14 |—0.01 


If the available time and facilities had been such that all com- 
parisons could have been made by the most precise method 
(Method A), more importance could be attached to the values 
of these deviations. 

In constancy and sharpness of tuning, as well as in simplicity, 
the piezo-electric standards are already superior to any type of 
wave-meter in use at present, except the multi-vibrator. Further 
refinements in mounting and in methods of comparison will 
be described in a later paper. In cases where a precision of one 
or two parts іп a thousand is sufficient, comparisons with the re- 
sonators can be made very easily and quickly, without other 
auxiliary apparatus than a detector and telephone receiver. 


Wesleyan University, Middletown, Connecticut, 
June 2, 1924. 


SUMMARY: Piezo-electric wave length standards of the quartz or quartz- 
steel types previously described by the author have been compared with stand- 
ard wave meters or multi-vibrators in the United States, Italy, France, and 
England. Six standards were used, of frequencies ranging from 14 to 1,500 
kilocycles. The methods of comparison are described, and data obtained 
at the various laboratories presented. The tabulated results show that the 
average deviation from the weighted means, for all comparisons, is about 0.1 
percent. It is shown that by the simplest methods of comparison a precision 
of 0.1 percent is attained, while in a comparison with the multi-vibrator, by 
more elaborate means, the precision is a few parts in 100,000. 
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CORRECTION FACTOR FOR THE PARALLEL WIRE 
SYSTEM USED IN ABSOLUTE RADIO FREQUENCY 
STANDARDIZATION* 


By 
AUGUST HUND 


(ELECTRICAL ENGINEER, BUREAU OF STANDARDS, WASHINGTON, D. C.) 


A pair of parallel wires was used in the early days of radio by 
Hertz, Lecher, Lodge, and others for demonstrating stationary 
electromagnetic waves. With the development of radio-fre- 
quency generating sets producing sinusoidal currents, this experi- 
ment became simpler, so that voltage nodes and the correspond- 
ing current antinodes can now be located with ordinary thermo- 
electric instruments with a high degree of precision. 

It is the purpose of this paper to give the formulas and the 
corrections needed when the parallel wire system is used for 
primary frequency standardization.! In the parallel wire system? 
used by the Bureau of Standards the basis of frequency stand- 
ardization involves the direct measurement of the wave lengths 
of very short? waves (4 to 20 meters in length) on a pair of: 
parallel wires as indicated in Figure 1. Тһе wave length А is 
found by moving a shunted thermo-galvanometer G, which is 
suspended between the two wires, along the wires until it shows 
a maximum current. This galvanometer arrangement has a 
very low effective resistance. "The point of maximum current is 
marked on the wires as position I-I and the galvanometer moved 
still further along the wires until à second current maximum 
П-П is indicated. Тһе distance I-II between these points of 
successive current maxima is one-half wave length. If the paral- 

*Received by the Editor, June 23, 1924. 

Published by permission of the Director of the Bureau of Standards, De- 
partment of Commerce, Washington, D. C. 

1The complete theory is given by the author in а Bureau of Standards 
Scientific Paper now in press. 

? A detailed deseription of the arrangement and the apparatus was given 
by Е. W. Dunmore and F. H. Engel in the PROCEEDINGS OF THE INSTITUTE 
OF Rapio ENGINEERS, page 467, October, 1923. 

3 For standardizing lower frequencies, a local generating set producing 
currents of lower frequencies is loosely coupled to the detector and the settings 


of the frequency meter are compared to the frequency of the short waves by 
means of the harmonics of the low frequency source. 
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SOURCE. GIVING 
HIGH FRQUENCY 
CURRENTS 


INDICATOR 


I I II IV 


Ғіссве 1--Тһе Parallel Wire System of the Bureau of Standards Indicating 
the Space Resonance Curves as Determined with the Ammeter Bridge 


lel wires are sufficiently long a number of such points, as III-III, 
IV-IV, and so on, may be found. Тһе actual determinations are 
made with the positions I-I and II-II only since the distance 
[= ; can be measured most accurately and the value obtained can 
be shown to be most reliable. Using a small condenser across 
the input terminals shifts the two maximum settings closer to 
the input end without changing the distance between them. The 
frequency f may be calculated from the formula. 
fe v 
2l 
where v is the velocity of propagation along the parallel wires. 
The theory shows that the wave length À set up on the parallel 
wire system is just 21, that is, twice the distance between two 
consecutive maximum settings except for a second order small 
quantity, but the velocity v with which the wave is propagated 
in the direction of the parallel wires is not the velocity of light 
(vo = 2.9982 X 10 cm./sec.) but a smaller velocity 
v—v(1—4) 

This velocity divided by the true wave length 4 must be equal to 
the frequency f. 

The frequency f in kilocycles per second is therefore calcu- 
lated from the formula 


v 
=< Ты А 
да-а) 
where v, is the velocity of light. Therefore, 
l. о! 105 
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The calculation is based оп the expression 4. 


= = | (2) 


where 


which for normal spacings between the centers of the wires which 
are as a rule large compared with the diameter d of the wire gives 
practically B="* | 
a=distance between the centers of the wires. 
d = diameter of the wire. | 
ro=the direct current resistance per centimeter length of the 
double line expressed in electromagnetic c. g. s. units 
(10? e. m. u.=1 ohm). 
w=2 a f. 
f = frequency in cycles per second. 
Formula (2) is applied as follows: Using for example the 
parallel wire system of the Bureau of Standards for a frequency 
f=2X 10’ cycles per second, a diameter d = 0.145 cm., and a spac- 


2 
ing a —4.2 cm., © 70.0345; (©) = 0.00119 which is in this par- 


ticular case negligible compared with unity. Hence 


2a 
B=— = 2; 
4 57.9 


Assuming the resistivity of copper equal to 1,600 c. g. s. units, 
we find for one centimeter length of the parallel wire system 


ү 2x 1600 
M го = di x 0.145? — 440 electromagnetic c.g.s. units 


and A=0.00121, which shows that the frequency weuld be about 
1/10 of a percent too high if the correction term A were neglected 
in equation (1). Тһе result has been substantiated by experi- 
ment; frequencies calculated with formula (1) agreed with results 

* This formula utilizes among other quantities an unpublished high fre- 


quency formula for the inductance of the parallel wire system which is due to 
Dr. Chester Snow of the Bureau of Standards. 
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obtained by an entirely different method of frequency standard- 

ization using Lissajous figures and a standard tuning fork.? 
Department of Commerce, 
Washington, D. С. 


SUMMARY: The above paper describes briefly calculations required in the 
parallel wire system used by the Bureau of Standards for radio frequency 
standardization. Formulas involving a correction term are given by means 
of which the standard frequency can be calculated from the distance between 
two consecutive maximum settings along the parallel wire system. A numeri- 
cal example is added. showing the magnitude of the correction term. 


8 This method is deseribed in а Bureau of Standards Scientific Paper now 
іп press. 
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ON THE RADIATION RESISTANCE ОҒ A SIMPLE VER- 
TICAL ANTENNA AT WAVE LENGTHS BELOW THE 
FUNDAMENTAL* 


By 
STUART BALLANTINE 


(JouN TYNDALL SCHOLAR IN Рнүвісв, HARVARD UNIVERSITY, CAMBRIDGE 
MASSACHUSETTS) 


The calculation of the radiation resistance of a simple ver- 
tical antenna erected over a perfectly conducting plane earth has 
been discussed by several investigators, including Abraham! and 
Ріегсе.? Abraham regards the wire as equivalent to an ellipsoid 
of revolution the major axis of which is very much longer than its 
minor axis, and rigorously investigates the oscillation of charge 
by applying Maxwell’s equations to it in suitable curvilinear 
coordinates; he thus derives values for the damping due to гайа- 
tion at certain definite wave lengths corresponding to the fun- 
damental and the several harmonics. Pierce has extended the 
calculation to wave lengths above the fundamental by making 
the assumption that the variation of the current amplitude along 
the antenna remains sinusoidal when an inductance is included 
at the base; he is then able to calculate the radiated power by 
integration. The value of the resistance at the fundamental 
(36.57 ohms) obtained by Pierce is in agreement with that rigor- 
ously derived by Abraham, but it should be noted that this does 
not imply that the assumed current distribution is correct for 
wave lengths other than the fundamental; there are, in fact, good 
reasons to suspect that the current distribution is not of such 
simple sinusoidal type, but, because of the non-uniformity of the 
inductance and capacity per unit length, would be given by more 
complicated functions, such as Bessel’s [м and Km functions. 
Stone and Roos discussed this twenty years ago and the subject 
has lately been revived by Press in these PROCEEDINGs and in the 
London “Electrician.” I do not propose to examine this point 

t Received by the Editor, April 19, 1924. 

1M. Abraham: “Ann. der Phys.," 66, page 435 po “Math. Ann.,’ 
55, а 81, (1899); “Phys. Zeit.," 2, page 329, (1901 


‚ Pierce: “Proc. Amer. Acad., ' 52, page 193, (1916), or ‘Electric 
Oscillation and Electric Waves," page 435 (New York, 1920). 


823 


critically in the present short paper, but merely to extend the 
calculations of radiation resistance to wave lengths below the fun- 
damental, making use of Pierce’s assumption of sinusoidal cur- 
rent distribution. In view of the uncertainty of this assumption 
the extension may appear to be of little final value; nevertheless 
the results are by no means trivial, since they permit the examin- 
ation of certain important questions, which, if we wait for a really 
rigorous theory. will probably remain unsolved. One such question, 
which I propose to discuss in a separate paper, is that relating to 
the best transmitting wave length for a vertical antenna. It 
- turns out that this wave length, for highly conducting earth, lies 
below the fundamental, hence the importance of these calcula- 
tions. Aside from this it is well to have them on permanent 
record in the hope that experimental data may be available for 
comparison later. 


METHOD OF CALCULATION 

The method here used is the classical one derived from the 
electron theory, which furnishes an easy means of finding the 
electric and magnetic forces by integration when the distribution 
and motion of the charges is known. Pierce’s doublet method 
is equivalent to this, but somewhat less elegant mathematically. 
The intregation extends over the known distribution of current 
in the antenna wire and the current which spreads out radially 
over the surface of the earth. Since the earth is assumed to be 
perfectly conducting, this surface current may be represented by 
an image of the antenna extending below the earth. Тһе integra- 
tion is then simplified and extends over the antenna and its image. 

For convenience the set of spherical coordinates shown in 
Figure 1 will be employed. We shall also use Gaussian units, 


FIGURE 1—Spherical Coordinates 


in which all electrical quantities (electric force (Е), current den- 
sity (г), resistance (№), etc.), are measured іп electrostatic с. g. s. 
units, and the magnetic quantity (magnetic force (Ну) in electro- 
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magnetic units. Тһе electric and magnetic forces at any point 
due to the current are found by first calculating the scalar and 
vector electromagnetic potentials ¢ and A by integration, and 
then deriving Е and H by differentiation, as follows: 


E= —Grad $— =~; (1) 


H -CurlA; (2) 


where ф гез d v, (3) 
кен 7 


E and H being found, the flow of energy, which we shall suppose 
to be represented by the Poynting-vector,? S, сап be found; thus: 

5= 2 [EXH.] (5) 
Since the earth is assumed to be perfectly conducting and there 
are no sinks of power in the field, the total power escaping from 
the antenna is found by integrating the normal component of the 
Poynting-vector over any surface inclosing 16, it being a matter 
of indifference what surface is taken. For convenience we take 
the surface to be a hemisphere with center at the antenna base. 
The time-average of the total power is next found, and from this 
the resistance equivalent to radiation is derived by dividing it 
by the average current square. Тһе essential steps of this process 
are given below; to save space all trifling algebraic details are 
omitted. 


1. ASSUMED CURRENT DISTRIBUTION 


The current amplitude is assumed to be sinusoidal as a func- 
tion of position along the antenna wire (see Figure 2), and the 
instantaneous current is sinusoidal in time. Denoting the cur- 
rent amplitude at the base by 7, and the current amplitude at 
the “current-loop” by J, the instantaneous current at a point 
distant х from the earth is given by: 

3 It will be noted that the Poynting-vector gives precisely the same repre- 


sentation of the energy Ном as Macdonald's energy-vector (Compare: ‘Electric 
Waves," page 72, Cambridge, 1902), because we are dealing with a periodic 


d 
source and Macdonald’s extra term, 21 [Н хА| vanishes when integrated 
over a complete period. t 
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FIGURE 2— Assumed Sinusoidal 
Variation of Current Amplitude 
Below the Fundamental 
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—, or since 
; 


It will be convenient to use the abbreviation: а = 


we will take the fundamental wave length, 4., to be equal to the 


od йы dios 
length of the wire multiplied by 4, a=, г, 4 being the oper- 
ating wave length. 2 


2. CALCULATION OF THE VECTOR. POTENTIAL 


The vector potential may be either of the accelerated or re- 
tarded variety and is obtained by integrating the current over 
the antenna and its image. Using the retarded potential: 


NONE Әсе. r'Adz И 
A= ЕС 58 ( : х) Hi »(t-) + f Image (7) 
с.) А CLT 


\ 
А is given in а point of the surface of the sphere for which r is 
constant. Тһе distance from the integration element to this 
point is represented by г’. Now we will assume that the radius 
of this sphere is large compared with the length of the antenna. 
This permits us to neglect the effect of the variation of r’ on the 
amplitude, but we can never neglect its effect on the phase, no 
matter how large r may be. We have approximately: 
г = т— т соѕ Й 

The effect of the image is got by reversing the sign of cos 0. 
Performing the integration. we get: 


I^. qo ryleos a — cos(a cos th 
ike НЕЗ ji и У (8) 
AE C мн? dH 


хов 


which gives the retarded vector potential at a point the co- 
ordinates of which are r and @. 


3. CALCULATION OF THE ELECTRIC AND MAGNETIC FIELD 
INTENSITIES 
It is unnecessary to calculate the scalar potential because we 
shall only require the electric force at a large distance from the 
antenna and in the self-conjugate field which exists at this dis- 
tance, Е and H are equal and orthogonal to each other and to 
the direction of propagation. Hence a calculation of H thru: 


H=CurlA 
suflices also for Е. For the important components we have: 


d H д; 
Е, = Hy =Curl, A=SIN i? Lak COs а) 


(9) 


Or г ài 
Performing the indicated operation and ignoring terms in ғ 2; 
І \ cos а — cos(a cos 4 | 
b dtt Zt = DE sa casia cost) (10) 
ст C sin 0 


E 15 entirely longitudinal and H is latitudinal. 


4. CALCULATION OF THE PowER RADIATED 


Since Е and H arenormal to each other and to the spherical 
surface of integration, the Poynting-vector is entirely normal to 
the surface so we have simply to integrate the absolute value: 


с o 
5 = 2-14, ( | 1) 
over the hemisphere. The surface clement is d s=2 я г? sin (d (0), 
hence: 


9 I? ) " sa —cosí(a cos 01? 
Total power — = соз? ((- р" соз(а cos 0] d 0). (12) 
C о 


C sind 


This integral apparently cannot be evaluated іп simple fune- 
tions. Pierce’s method leads naturally to the same integral, 
which he attacks boldly, expending the integrand in series and 
Integrating term by term. With the range of values of a with 
which Pierce was concerned (wave lengths above the fundamental) 
the convergent series so obtained can be computed with moderate 
patience and a calculating machine, but for wave lengths below 
the fundamental the argument becomes so large that the labor 
of calculation has appeared to me prohibitive. It is possible to 
develop the integral by successive partial integrations in an 
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asymptotic series іп inverse powers of a, and this is useful for 
large a, but there is still a region immediately below the funda- 
mental where a is too small for accurate work. A lazy man thus 
finds himself between a convergent Scylla and a divergent 
Charybdis. 

The simplest functions in terms of which the integral could 
be expressed seemed to be the following, the notation S, (г) and 
S; (т) being my own: 


*1—cosz.dz x? х“ х° 28. 
s)- f о та arte mcs art 


"*sinzdz a z x’ 

s.(2)= | a xaxd ae ee ee 1%) 
Being convinced, from the simplicity of these functions, that 
thay had important mathematical properties, and should be 
fundamental, I made a search of the literature and was gratified 
to find that 4-place tables of the Sine-integral, Sz (z) and the 
Cosine-integral, C? (г) were available‘ in terms of which S; and 5: 
could be expressed as follows: 


Si (х) =log 2+7 — Ст (х) (15) 

5 (2) =51 (1); . (16) 
where У is Euler's constant = 0.5772. Thus the laborious compu- 
tation of the series (13) and (14) is avoided. 


The integral for the power is expressed in terms of S; and 5; 
as follows, after the time average has been taken: 


Total power = = cos a 8,(2а) — 1 сов 2а 8, (4а) 


= l sin 2a( S(2 a)— 38:(40)) |. (17) 


5. EXPRESSION FOR THE RADIATION RESISTANCE 


The radiation resistance is defined as the average power 
radiated per second divided by the average current square at 
the point of the antenna at which the power is introduced. If 
the resistance is calculated at the base we have to divide by 
1.2/2,1, being the base current. Below the fundamental the cur- 
rent-loop (point at which the amplitude is maximum) moves up 
from the earth and at до = 22 is situated half-way up the antenna. 
The resistance referred to this point is also of interest, as well as 
the usual base resistance; we shall represent it by R (loop), the 

‘Jahnke and Emde: ‘Funktionentafeln,” page 19 (Teubner's reprint, 
Leipzig, 1923), or J. L. Glaisher: ‘‘Phil. Trans.," London, 160, page 368, (1870). 
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base resistance being denoted by Rə The complete ex- 
pressions for the radiation resistance referred to these points 
follow: 


Ко = = ES a S (2a) — } cos 2a 5 (4а) 


Csin? а 
1. | 1 
- ysin 2a(S:(2a) 5:4 2] 


. . electrostatie с. g. s. units, 


60 ; 
= ', [ваше bracketted expression] ohms (18) 
ина 
(Чоор) =60 [same bracketted expression] ohms (19) 


Formulas (18) and (19) give the radiation resistance of a vertical 
single wire antenna over perfect earth for a sinusoidal current dis- 
tribution, Ко being the resistance referred to the base, and R (loop) 
being the resistance referred to the point of the antenna at which the 
current-loop is situated in the case of wave lengths below the funda- 
mental. a= к е where ^, fundamental. wave length and ¿=the 


operating ware length. 


COMPUTATIONS, TABLES, AND CURVES 

For values of a up to about 4, the values of Sz and C? can be 
taken from the 4-place tables of Jahnke and Emde, а being chosen 
so that 4« is an integer (to avoid interpolation). Between 
r-—16andzr-220, however, there is an important gap in the tables, 
corresponding to wave lengths between one-half and one- 
third the fundamental. This gap is filled in by computations 
from the following asymptotic series, the terms of which have a 
sufficiently rapid descent to make the remainder ignorable after 
one or two terms. 


— o сөк 2! 4! 
КА КБА (и Е u 
2 v g^ д? 
хінг/1! 3! (20) 
a Ысы | 
X г dX 
| sin x 2! 4! 
Sir) log x +.5772 — =a ("- ye eus 
x x x Ж 
cosrf/íl! 3! (21) 
ылы 
x л z 


With these formulas and tables, the computation easily proceeds, 
giving the results tabulated in Table I. 


$29 


TABLE | 


Radiation resistance in ohms of a vertical antenna over perfectly con- 
ducting earth, the current distribution being assumed sinusoidal. 


a 


R, R 
(base) (loop) 
5270. 1104.54 


R, R 
(base) | (loop) 
15.08 


36.54 
38.61 
52.80 
68.82 
86.57 
210. 95.45 
130. 106.0 


Or ob нын ы GO 02926252 


1. 
1. 
1. 
1. 
1. 
0. 
0. 
0. 
0. 
0. 


0.571 


For easy reference the results are also shown graphically in 
Figure 3,the dotted curve representing the resistance at the base, 
the full line curve representing the resistance at the current-loop. 

I have carried thru the computations a short distance above 
the fundamental in order to make connections with Pierce's 
computations, and find a very satisfactory numerical agreement. 

For wave lengths substantialy above the fundamental, 
formula (18) is not convenient, since the resistance becomes 
increasingly small and is given by the difference between two 
functions of approaching equality. In this case a simplification 
is possible, as pointed out by Cutting*, which follows from the 
fact that the current distribution approaches linearity as a de- 
creases, and for small 49/4 we have very approximately: 


| 2 2 1 
R,—2.57? (=) =40л? (7) ohms. (22) 


Returning to the curves, at first sight it seems odd that the 
maximum of resistance (loop resistance) should occur somewhat 
short of the half-wave length, at 4/A=0.56 rather than at 
0.50; similarly that the minimum should fall short of the 1/3 posi- 
tion. This led me to check the formula and computations very 
carefully, but no error was revealed. Upon more mature consid- 
eration, there seems to be no reason why the curve should not 
be of this form. 

The calculations are carried to a wave length one-third the 
fundamental. It might seem desirable to extend these calcula- 
tions to the inverted “L” type of antenna, thus supplementing 

5 Fulton Cutting: PROCEEDINGS or THE INSTITUTE OF RADIO ENGINEERS, 
10, page 129, (1922). 
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Fiaure 3—Radiation Resistance of Simple Vertical Antenna Over Perfect 
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Pierce’s study of the resistance of this type of antenna at wave 
lengths above the fundamental. But in view of the labor in- 
volved and the lack of faith which must be entertained 
for the fundamental assumptions—perfect earth and sinusoidal 
current distribution—I have not considered this to be worth 
while. 
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(Note, added July 15, 1924:—Professor С. W. Pierce, com- 
menting upon this paper, informs me that some calculations of 
the radiation resistance of a vertical antenna below the funda- 
mental wave length were made in 1919 by Dr. Yu Ching Wen, 
a former pupil of his. This work exists in the form of a thesis 
entitled “Theoretical Treatment of the Radiation Resistance of 
Antennas,” in the Library of Harvard University, and has not 
been published. Mr. Robert F. Field, of Cambridge, has kindly 
consulted this thesis for me and sends the following values for 
the resistance at the antenna base calculated by Wen: 


2/%.......... 1.00 0.94 0.90 0.82 0.80 0.76 0.70 0.66 0.64 
R............ 96.06 43.7 503 71 78 96 162 212 236 


These calculations go down to 0.64 /2 and agree satisfactorily 
with my values (dotted curve, Figure 3).) 


Cambridge, Massachusetts, 
November 8, 1923. 


SUMMARY: In this paper, the radiation resistance of a filamentary verti- 
cal antenna erected over perfectly conducting plane earth is calculated for 
wave lengths down to 0.3 of the fundamental. Pierce's assumption of sinusoi- 
dal variation of the current amplitude along the antenna forms the basis of an 
application of the methods of the electron theory, whereby the e.m. potentials 
are found by integration and the field and Poynting vectors subsequently 
derived by differentiation. An improved method of computation, using the 
sine- and cosine-integrals, is introduced. Тһе numerical results are tabu- 
'ated and exhibited graphically. 
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ON THE OPTIMUM TRANSMITTING WAVE LENGTH 
FOR A VERTICAL ANTENNA OVER PERFECT EARTH* 


By 
STUART BALLANTINE 


(JOHN TYNDALL SCHOLAR IN Puysics, HARVARD UNIVERSITY, CAMBRIDGE 
MASSACHUSETTS) 


The question as to the best operating wave length for a trans- 
mitting antenna is of considerable theoretical and practical in- 
terest, and one which does not appear to have received much 
published discussion. Тһе mathematical difficulties of the 
theoretical study are very formidable if the actual conditions of 
the practice are imposed and an effort made to take into account 
all kinds of antenna forms and grounding methods, and the varia- 
tions of earth conductivity and susceptibility. But certain sim- 
ple cases can be advantageously treated mathematically, leaving 
the more complicated and large scale engineering projects to be 
tested by model experiments, the model being constructed in ac- 
cordance with the principles of dimensional similarity. In а forth- 
coming series of papers I propose to publish the results of theoreti- 
cal and experimental work on this subject, and in this prelimin- 
ary article shall consider the simplest possible case, namely, that 
of a simple vertical antenna over a perfectly conducting plane 
earth. | 

We shall start out with the additional assumption that there 
are no dielectric or other losses present, so that the antenna re- 
sistance will be entirely due to radiation. In а companion paper 
entitled “Тһе Radiation Resistance of a Simple Vertical Antenna 
at Wave Lengths Below the Fundamental," published in these 
PROCEEDINGS, I have discussed the radiation from such an an- 
tenna in these circumstances, and calculated the radiation re- 
sistance for wave lengths down to 0.3 of the fundamental. Тһе 
formulas and results of this investigation form the basis of the 
present inquiry. 

For terrestrial point-to-point communication the function of 
а transmitting antenna is to produce an electric force at a receiv- 
ing station located on the horizon, therefore the best operating 

* Received by the Editor, June 11, 1924. 
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wave length is that for which the electric force on the horizon 15 
greatest for a given power input into the antenna. There is a 
considerable confusion of ideas on this point due to an excessive 
use of the conception of radiation resistance, the temptation 
being to regard the point at which the radiation resistance 18 
highest as the best wave length. But since the object is to 
heat the wires of the receiving station, and not the universe, 
it is easy to see that the best wave length is that which will cause 
the antenna to radiate most of its energy at a low angle and along 
the earth’s surface. Unless communication with aircraft is de- 
sired, or the efficiency of the Heaviside layer is more definitely 
established, there seems to be no point in radiating the antenna’s 
energy up into the air. 


2. DISTRIBUTION OF THE RADIANT EwNERGY— The energy 
beam diverges from the power source at the base of the antenna, 
or if the power is not applied at the base, from the point of its 
application. "There is no divergence from the antenna wires 
themselves, the energy being merely reflected by them. Хо de- 
tailed inquiry of the distribution of energy at points near the 
antenna will be made; the zone of chief interest 1s the so-called 
"wave zone" which exists at some distance from the antenna and 
in which the wave is self-conjugate, the electric and magnetic 
forces being equal. The intensity of the energy beam, or the rate 
of flow of the energy in the wave, is generally and conveniently 
represented by the Poynting vector, the magnitude of which is: 


5-1-ЕЯ, (1) 


where с is the light-velocity, E the electric force, H the mag- 
netic force (both in Gaussian units). The direction of this vector 
is at any instant at right angles to both Е and Н, so that аба 
_ reasonably large distance from the antenna, where E and Н lie 
in the surface of a sphere surrounding it, S is normal to the sur- 
face and therefore directed away from the antenna. Also E and 
H being equal in the wave-zone, S can be simply written as: 


S= 


Coie EROR 
15 sda (2) 

In the paper just cited will be found formulas for calculating 
E at various angles, 0, from the pole, for different wave lengths. 
From these S can be calculated and plotted as a function of the 
polar angle in the form of a distribution diagram. Such a diagram 
will be of interest in showing how much energy is radiated in the 
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various angular directions for different current distributions in 
the transmitting antenna, the current distribution being governed 
by the wave length and the height of the antenna wire. Several 
diagrams of this sort will be given later. 


3. CALCULATION OF THE OPTIMUM TRANSMITTING WAVE 
LENGTH—Às previously remarked the signal-producing value of 
the antenna's radiation is represented by the electric field in- 
tensity E on the horizon. On the horizon, 0 of formula (10) of 
the previous paper is л/2 so that the amplitude of E is given by: 


ЕСЕЙ © (3) 


where T is the current at the current-loop of the antenna, Ліз the 
operating wave length and 4, is the fundamental wave length. 
Since the antenna resistance is entirely radiational, R,: 


I? В, = antenna power = P, (4) 
R, being the radiation resistance at the current-loop, and 
| Р 
I- VE | 
R, (5) 
What we are interested in making a maximum is the ratio 
Е/ УР, which is given by substituting (5) in (3): 


1 (; 3 
EO | cos| g7 b 
| VP = CON SL. ~V R, 
The data for В, аз a function of a= 2. is given in the compan- 


ion paper (previous citation) for a vertical antenna over perfect 
earth. Using these results, the expression (6) has been calcu- 
lated and plotted in Figure 1; the full-line curve represents 
Е/^/ Р, the dotted-line curve the radiation resistance (loop). The 
best operating wave length for this idealized antenna is thus seen 
to be closely equal to 0.39 of the fundamental. А comparison 
with the А, curve convinces us that no deductions of any value 
can be drawn from the variation of radiation resistance alone. 


4. DisrRiBUTION DiaGRAMS—In Figures 2 and З are plotted 
the diagrams showing the distribution of radiant energy at vari- 
ous altitudes for several important wave lengths. In all cases the 
input power to the antenna is the same. "These are polar graphs 
and the strength of the radiation (Poynting vector) is given as 
the distance from the antenna base to the curve for a particular 
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value of the polar angle, И. In all cases it will be noticed that the 
usual “dead spot” occurs directly over the antenna. 

In the first diagram, Figure 2a, for wave lengths very much 
greater than the fundamental. altho the main tendency ік for 
the energy to flow along the earth, a considerable amount is 
radiated at high angles; the 45° radiation, for example. is about 
half as intense as that along the earth. Аз the wave length 15 
decreased to the fundamental and beyond. more and more of the 
energy is radiated along the earth, and less gets up into the air. 


Units) 


J 


4 
- 
L4 
L 
4 
. 


6 


RADIATION RESISTANCE (Ohms) ~ EVP (Arbitror 


2 6 10 14 18 2.7. 


ссек 1—Vertieal Antenna Over Perfect Earth: 

Variation of Electrie Force on the Horizon for 

Given Power Input as a Function of the Ratio: 

Cperating Wave Length 7 Fundamental Wave 

Length 4. Best Transmitting Wave Length = 
0.39 /,. 


When the operating wave length is decreased below the half- 
fundamental wave length, the wave breaks up into two parts, 
and a secondary wave, complete in itself and unguided bv the 
earth, appears at high angles. These waves are separated by a 
conical surface, 4 =const.,in which the electric and magnetic forces 
are zero. There are then two points of maximum radiation. This 
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жаз X= 39 


. 
° 


(V) (4) 


FiGvnE 2—Vertical Antenna Over Perfect Earth; Fiagrams Representing In 
tensity of the Radiation (Poynting Vector) at Various Angles of Altitude for 
Various Wave Lengths 


is illustrated in Figure 2 (4), whieh represents the ease 4-7, = 0.30, 
which as was shown in а previous paragraph is the best operating 
wave length. Here the radiation along the earth in the direction 
of the distant receiving station is very intense, and relatively 
little energy is wasted in high angle radiation. The maximum 
of the secondary wave occurs at #=35°, and #=55°50' 1s the 
conical surface of zero radiation. As the wave length is shortened 
below this point, the primary radiation decreases very rapidly, 
until at 2-1) the separating cone becomes the earth surface 
and the primary wave has been completely supplanted by the 
secondary wave. This case is shown in Figure 3, and is of special 
interest. 


5. SPECIAL TRANSMITTING ARRANGEMENT FOR TESTING 
UPPER-ATMOSPHERIC liErLEcTION— In most of the experimental 
work that has been done to establish or disprove the theory 
of the Heaviside-Iaver and upper-atmospherie reflection, ordinary 
transmitting arrangements have been employed. At the receiv- 
ing point it is therefore necessary to provide an elaborate system 
of loops to separate the direct ray along the earth from the ray 
reaching the receiver by reflection from the upper atmosphere. 
The ingenious experimental arrangements deseribed by Eckersley 
(“Radio Review’) are of this nature. Several years ago it 
occurred to me that the experiment would be very conveniently 
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Е1совЕ 3—Distribution Diagram for the 

Case: Height = Wave Length, in which the 

Radiation Along the Earth is Zero. Same 
Scale and Power Input as Figure 2 


simplified if the transmitted wave could be entirely directed up 
into the air, thus eliminating the direct ray along the earth. The 
transmitting arrangement for high angle radiation could consist 
of a vertical antenna erected preferably over sea water and excited 
at a wave length one-quarter of its fundamental. At this wave 
length the voltage and current distribution would be approxi- 
mately that shown in Figure 3, so that the radiation resistance 
being high (at the base) the antenna would naturally be excited 
by “voltage excitation,” that is, it would be connected in parallel 
with an anti-resonant LC circuit. The distribution of energy 
about such a radiator is shown in Figure 3. The radiation cen- 
ters about an altitude of 0 = 57°, and if the conductivity at the 
base be sufficiently good there will be no disturbing direct ray 
along the earth. Тһе possibility would then be that any radia- 
tion reaching a distant receiving station would be due to reflec- 
tion and refraction in the upper-atmospheric layers. The experi- 
ment would preferably be conducted entirely over sea-water on 
account of its superior conductivity, because, as I shall show in 
another paper, one of the effects of imperfect earth is to bring 
down to the earth energy originally sent up into the air. Тһе 
elimination of the direct ray would permit an easy study of the 
polarization and other characteristics of the reflected ray. As 
to the practical aspects, the height of the antenna would have 
to be equal to the wave length so that a comparatively short wave 
length will be imposed.! This in itself will not be disadvantage- 
ате necessity for an antenna length actually equal to the wave length 
can be obviated without changing the required current distribution by de- 
creasing the velocity of the wave along the wire by RE loading with 
inductance coils, or by constructing a helical antenna of not too large diameter. 
Two inductance coils, situated 14 and 34 of the distance from the earth to the 
end of the antenna, respectivelv, and kept approximately equal in value, will 


suffice to produce the required double current-loop distribution in а short 
antenna. Oscillating in this mode the antenna can be looked upon as consist- 
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ous, provided proper audions are used for receiving, and with 
shorter waves, smaller reflecting masses can be detected. A 
wave length of 50 meters is feasible and demands an antenna 
height of 154 feet (50 m.).! Being forced to abandon this work on 
account of failing health, I have included this description of the 
plan in the hope that it might interest other investigators; it 
offers a very promising method of attacking this fascinating 
puzzle. 
November 8, 1923. 


SUMMARY: This paper considers the idealized problem of the transmission 
from a perfect vertical antenna over perfectly conducting plane earth. The 
distribution of current amplitude along the antenna is assumed to be sinusoidal. 
The antenna resistance is entirely radiational and has been calculated in a 
companion paper. The amount of energy radiated in various altitudinal direc- 
tions is calculated, and distribution diagrams are given illustrating special 
cases. The conditions for the greatest economy of radiated energy are for- 
mulated for the case of a terrestrially located receiving station, the optimum 
"wave length being determined as 0.39 of the fundamental. А transmitting 
Arange ment of special interest for Heaviside-layer experiments is also de- 
scribed. 


ing of two Hertzian antennas in series, each with its inductance load in the 
middle. One Hertzian antenna is positive, the other negative; the radiation 
effects cancel along the equatorial plans and on account of the phase change 
do not completely cancel at other angles. The radiation from the artificially 
loaded antenna will be less, of course, than from the natural antenna of Figure 3. 
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ELECTRICAL CONSTANTS OF DIELECTRICS FOR 
RADIO FREQUENCY CURRENTS* 


By 
В. V. GUTHRIE, JR. 


(STATE UNIVERSITY оғ Iowa, Iowa CrrY) 


I. INTRODUCTION 


The electrical constants of dielectrics are the dielectric con- 
stant К and the power factor Y, where ¥ is the power factor of 
a condenser using the given material as a dielectric. Determi- 
nations of power factors for a few materials have been made by 
MacLeod,! Bryan? and others. Tables of dielectric constants 
are to be found in engineering handbooks, ''Smithsonian Physi- 
cal Tables," and elsewhere, but these were made for the most 
part using currents of zero frequency. Therefore it seems of 
interest to determine the dielectric constants and power factors 
of a number of insulating materials over a range of radio fre- 
quencies. 

The method employed was the obvious one and consisted of 
measurements of the capacity and resistance of a carefully made 
parallel-plate condenser with air and the material in turn be- 
tween the plates. From these measurements the dielectric con- 
stant and the power factor were calculated. 

Consider the arrangement in Figure 1 consisting of a con- 
denser С” and a resistance r” in series. The impedance of the 
combination from A to B is given by 


Lig br (1) 


where j=~V/1, and w=2z times the frequency, all quantities 

being expressed in electrostatic units. From a consideration 

of Figure 1, it is seen that Е,» across the resistance is in phase 

with the current J, and the Ес» across the condenser is 90° be- 

hind Г. From Figure 2 we вес that the resulting emf. is less than 

90? out of phase with the current by the phase difference үу, the 
*Received by the Editor, June 10, 1924. 


! MacLeod, “Phys. Кеу.,” volume 21, January, 1923, page 53. 
? Bryan, “Phys. Rev.," volume 22, October, 1923, page 399. 
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power factor being given by sin y^, but for small angles the sine 
is the same as the tangent, then 


Power factor = tan Y =r” wC” (2) 


C d 5. “Гу” 


P 
-m 
| "ec 


Біссне 1 FIGURE 2 


If, however, С” be measured by substitution against а stand- 
ard condenser, not the real capacity but the apparent or effective 
capacity will be obtained. The equivalent of Figure 1 maygbe 
represented as in Figure 3 by a pure capacity C with a resistance 
r' in parallel. Here the impedance is given by 


i 1 
ZABT - 1 (3) 
goC+ >, 
r 
C 
A 5 
à p 
TIGURE 3 FIGURE 4 


It may be seen that the current thru r' is 90? out of phase with 
that thru C. Тһе resultant current leads the impressed emf. by 
an angle which is less than 90? by the phase difference Y. Тһе 
power factor is again the sine of Y, which for small angles is the 
same as the tangent of ¥, so that 


Power factor = ап p= = - (4) 
о 


The source of power losses іп a condenser may be represented 
by a scries resistance as in Figure 1, or by a parallel resistance 
as in Figure 3, the power factors for small angles being 
the same as the phase differences as given by equation (2) or (4) 
in which, for small angles, the tangents may be taken as the 
angles. Before the application of these formulas it 1s necessary 

3 “Circular of Bureau of Standards," Number 74, “Radio Instruments and 
Measurements," page 180. 
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to determine the appropriate values of the capacity, resistance, 
and w. 

By including AB in a suitable measuring circuit to be de- 
scribed, r” may be determined by resistance variation,? and С” 
by substitution against a standard condenser, for any value of w. 
To obtain a relation between the measurable quantities С” and r", 
and the quantities C and r’ we combine equations (1) and (3), 
separate the real parts from the imaginary ones in both mem- 
bers of the equation, equate reals to reals and imaginaries to 
imaginaries, and solve the two resulting equations simultaneously. 
We obtain 


ГА , ГА 
C= EA SES (5) 
‚ __ 1 Рг 
T обу” ME i ЕР (6) 


Since С” and о аге known T measurements, r' and C are 
determined by equations (5) and (6), therefore we have the 
quantities r', r", C', C, and « all measurable or calculable. 


II. METHOD AND APPARATUS 


The schematic diagram of apparatus used is shown in Figure 
5, the portions to the right of the dotted line being the coil of a 
thermionic tube oscillator for the generation of continuous waves, 
and that to the left of the line being the measuring circuit. The 
measuring circuit consisted of a coil Le, the terminals of which 
dropped into the mercury cups a and b, thus allowing rapid 
change to coils of any desired inductance; also а capacity C; or Са: 
depending on which way the mercury switch cde was thrown. 
There was included in this circuit a thermocouple T which 
actuated the galvanometer G, and two mercury cups f and g, 
between which standard resistance links r of various values 
might be connected. С, is a standard quartz-insulated condenser, 
which was assumed to be perfect and was carefully calibrated. 

А photograph of condenser C; is shown in Figure 6. It had 
two plates m and n, 7.3 cm. in diameter, m being insulated from 
the other parts by the quartz rod q. The similar plate n was 
capable of vertical motion by a screw s. Тһе dielectric to be 
studied was placed between these plates, thus forming a con- 
denser having a solid dielectric. The position of n at any time 
could be determined by the dial d and the vernier v. 

The insulating material was placed between the plates of C2, 
which was connected into the circuit by joining c and d by a 
heavy copper link between the cups. Тһе condenser C; could 
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FIGURE 5 


then be represented as іп Figure 1. Resonance was effected іп 
the L: С» circuit by varying the frequency of the input, all meas- 
urements being made at resonance. The resistance of the cir- 
cuit L C, was then determined by resistance variation. 

When a link of negligible resistance was connected between 
g and f, suppose a beam of light reflected from a small mirror on 
the coil of the galvanometer G, read a deflection 4, on a scale not 
shown in the diagram. When the link is replaced by a standard 
resistance of В, ohms, the deflection would decrease to some value 
dz, then the resistance R, of the circuit is given by 


В, = б > 
d, (7) 


Without changing the frequency of the input, the standard С, 
was substituted for С» by changing the connection dc to d e, 
adjustments to resonance being made with C,. If we represent 
the circuit resistance as R,’, then R,’—R, is the equivalent ser- 
ies resistance of the condenser С» with the solid dielectric 
and is r” of equation (6). The capacity as read from the dial of 
С, is the pure capacity of Сі, but is the effective capacity of С, 
corresponding to C’ of equation (6). 

The wave length 4 was determined by use of a Kolster de- 
cremeter calibrated by the Bureau of Standards. From the 
relation ©=22f=(27X3X108)/;, о was determined. 

Having now measured г” and С” r' may be obtained from 
equation (6), then С is given by equation (5). After all quan- 
tities have been reduced to electrostatice units, the power factor 
is given either by equation (2) or (4), both giving the same 
result. 

Knowing the pure capacity of the two-plate condenser with 
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the dielectric, and also its capacity without the dielectric, the 
quotient of the former by the latter is, by definition, the dielectric 
constant. C has been calculated from equation (5), and the 
capacity without the dielectric must be obtained by substitution 
against the standard. 


FIGURE 6 


ПІ. RESULTS 


The constants of the materials investigated are given in the 
table. The first six were tested over a band of frequencies rang- 
ing from 600,000 to 1,700,000 cycles per second. It was found 
that the error introduced by assuming C=C’ was never more 
than 0.25 percent, which was much below the error of observa- 
tion. The constants given are accurate to within about 2 per- 
cent. The dielectric constants were found to be nearly constant 
within the frequency limits mentioned, and the power factors 
changed gradually but according to no apparent rule. 

If C=C’, then it is not necessary to use either equation (5) 
or (6). Тһе dielectric constant is determined by using C’ in- 
stead of C, and the power factor is determined by use of equation 
(2). Moreover, in applying (2), C' may be expressed in micro- 
farads if r” is expressed in ohms, thus eliminating the necessity 
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TABLE OF CONSTANTS FOR FREQUENCY OF 106 CYCLES PER SECOND 


Material Dielectric Power 
Constant Factor 

Hard Rubber........ 

Celluloid...... 


53 


- 


Bakelite Dilecto Gr. 20 
Bakelite Dilecto Gr. 20 

Hard Rubber 

Vulcanized Hard Rubber.... 
Hard Fibre (ртау)......... 
Hard Fibre (black) 

Bakelite Dilecto....... 
Formica (grade M).. 

Radion (black). . 

Hard Rubber (2 XX. 

Hard Rubber (40).......... 
Hard Rubber (35 R)....... 
Hard Rubber (7A) 

Red Fibre 


© 00-1 C) Qv > WH = 


Mahogany 
Celeron 
Celeron 
Celeron.... 
Celeron........ 
Fibroc........ 
Bakelite 
Bakelite 
Bakelite 
Bakelite 
Bakelite 
Bakelite 
Vuleabeston 
Vuleabeston 
Vuleabeston No. 


Q2 Q2 Q2 Q2 O9 Q2 Q2 Q2 о C29 O9 Q2 4 PRP RP RPWRNNNNWWWOKODNN WW 01 C1 WN O2 o м 


of reduction to and from electrostatic units. This very mate- 
rially lessens the labor of measurements and is the method fol- 
lowed in the determinations of the constants of the materials 
from number 6 to the close of the table. 

For all materials in the table, the given constants are for 
currents of a frequency of 1,000,000 cycles per second, which 
corresponds to a wave length of 300 meters. 

Measurements of the variation of resistance of coils with 
diameter of coil, pitch of winding, and size of wire, are in progress, 
and a report is expected to be submitted in the near future. 

In conclusion the writer wishes to express his thanks to 
Dr. E. O. Hulburt for suggesting the problem and rendering fre- 
quent assistance during the experiment. 


State University of Iowa. 


SUMMARY: The source of power losses in a condenser may be considered 
as a resistance in series or in parallel with the condenser. If the resistance 
is considered as in series, the capacity must be considered as the effective 
capacity, and the power factor is given by a simple formula. If the resistance 
is considered as in parallel, the capacity must be considered as a pure capacity, 
and knowing the pure capacity with the given dielectric, and with air in turn 
between the plates of the condenser, the quotient of the former by the latter 
is the dielectric constant. The dielectric constants of several solid dielectrics 
were found to be approximately constant over the band of frequencies investi- 
gated, and the power factors changed according to no apparent law. A table 
of electrical constants for a number of materials and for a frequency of 1,000,000 
cycles per second is given. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHON Y* 


IssuED AUGUST 26, 1024-Остовен 28, 1924 


By 
JOHN В. Brapy 


(PATENT Lawyer, OuRAY BUILDING, WASHINGTON, D. С.) 


1,499,979—C. M. Gray, filed August 15, 1921, issued July 1, 1924. 

Тсхіхс ПЕхісеЕ ron Каро RECEIVING Circus, т which 
a fixed coil is provided with a second coil arranged in inductive 
relation to the fixed coil and mounted for rotary movement. А 
third coil is rotatively mounted in inductive relation to the afore- 
mentioned coils and has relatively few turns as compared with 
the second сой. The third coil is connected in series with the 
second coil and all eoils are arranged for connection in the circuits 
of the system to be tuned. 


1,506.046— W. H. Bullock, filed January 23, 1923, issued August 
26, 1924. Assignor of 49 percent to Frederic W. Proctor. of 
New York. 

Кало RECEIVING SysTEM, in which a plurality of signals 
transmitted on different wave lengths may be received by using 
the same antenna system without interference of one receiving 
circuit with respect to the other. Ап energy-absorbing circuit 
Is employed in each of the reeeiving branches which prevents the 
flow of current їп one direction for preventing the grid of one 
electron tube connected in eireuit. therewith from acquiring a 
statie negative charge. The resistance of the absorbing cireuit 
ік foo high to permit radio frequeney oscillations, thereby pre- 
venting reaction of one circuit upon another while freely passing 
the desired signal frequency. 


1,506,358—Otto Von Bronk, filed September 3, 1921, issued 
August 26, 1924. 0 Assigned. to Gesellschaft) für drahtlose 
Velegraphie m. b. И. Hallesche, of Berlin, Germany. 
SENDING ARRANGEMENT FOR Rapro ТЕБЕСВАРНУ, іп which 
the desired phase relations of the transmitted energy is regulated 
ж Roeeived Бу the Editor, November 17, 1991. 
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by arranging a plurality of separated radiators in positions to 
radiate currents of low intensity having a frequency difference 
equal to the frequency to be transmitted. These currents are 
received at each of the radiators and are employed to control 
the radiation from the radiators in proper phase relation. 


1,506,468—W. C. White, filed October 28, 1920, issued August 26, 
1924. Assigned to General Electric Company, of New York. 
ELECTRON DiscHaRGE Device of the ''soft" tube variety 
designed to be fully as sensitive as the best gas detectors formerly 
constructed, and as regular and reliable in its operation as the 
vacuum detector. Тһе detector embodying the invention con- 
tains certain gases immune to the “clean-up effect," particularly 
the gases of the “rare” or noble gas group, such as argon, helium, 
neon, and even nitrogen. 


1,506,580—H. E. Hallborg and H. R. Miller, filed October 25, 
1920, issued August 26, 1924. 


Fig. 22. 


124 
NuMBER 1,506,580—Quick Acting Amplifying Break Key for Radio 
Telegraphy 


Quick ACTING AMPLIFYING BREAK Key For Rapio TELEG- 
RAPHY for placing the receiver in condition for operation between 
the transmission periods. A quick acting break key is provided 
for controlling the connection of a shunting condenser across the 
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telephone receivers in the electron tube receiving system inter- 
mediate the times that the antenna is radiating the transmission 
signals. The shunting condenser prevents objectionable noise 
in the telephone system by reason of the radiating energy. 


1,506,486—A. W. Hull, filed March 1, 1920, issued August 26, 
1924. Assigned to General Electrie Company, of New York. 
ELECTRIC OSCILLATOR, including an evacuated vessel with 
the electrodes arranged in such manner that the device will 
efficiently operate as an oscillator without making the grid posi- 
tive. The cathode and anode are placed close to each other and 
control electrode or grid is so placed as to exercise a weak electro- 
static control on one side of the cathode opposite the anode. The 
potential of the control member varies between the potential of 
the cathode and a potential which is negative with respect to the 
cathode. 


1,506,736—L. Dorfman, filed August 3, 1921, issued September 
2, 1924. Assigned to Westinghouse Electric and Manufac- 
turing Company, of Pennsylvania. 
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NUMBER 1,506,736—Signaling System 


SIGNALING SYsTEM having an antenna system consisting of 
two sections. А source of undamped radio frequency energy is 
connected to one of the antenna sections and a signaling key pro- 
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vided іп a circuit connecting the other antenna section. Тһе 
antennas are electrostatically coupled and the frequency of the 
source of radio energy is such that its antenna is resonant when 
the signaling key is open. In this way radiation may occur to 
represent the signal characters while the energy is absorbed by 
one of the antenna sections between the signal characters. 


1,506,742—C. Le G. Fortescue, filed June 25, 1921, issued Sep- 
tember 2, 1924. Assigned to Westinghouse Electric and 
Manufacturing Company, of Pennsylvania. 


MopuLaTING SYSTEM for radio transmitting systems in which 
the load on the generator is maintained substantially constant 
in either the up position or the down position of the telegraph 
key. A tuned antenna circuit having an inductance coil therein 
is provided, and located in inductive relation to the inductance 
coil is a controller primary inductance coil. A balancing induct- 
ance coil is connected in parallel with the controller primary coil 
thru contacts controlled by a telegraph key. А source of 
radio-frequency current is connected to the middle points of the 
controller primary and balancing inductance coils, and the key 
controls the flow of current thru said coils. Means may also 
be provided for maintaining the load on the radio-frequency 
source substantially constant. By reason of the coupling of the 
antenna inductance coil to the controller primary inductance 
coil, when the key is in the up position, no effective power is de- 
livered through the transformer coupling, and the frequency of 
oscillation of the antenna circuit is greatly reduced, as compared 
with the operating frequency. This takes place by reason of the 
fact that, in the down position of the key, when the transformer 
is delivering power to the antenna, the primary coil of the trans- 
former coupling is, in effect, short-circuited by the radio-fre- 
quency source. 


1,506,781—J. E. Shrader, filed August 18, 1921, issued September 
2, 1924. Assigned to Westinghouse Electric and Manufac- 
turing Company, of Pennsylvania. 


VARIABLE LEAKY CONDENSER, comprising a plurality of con- 
ductors and dielectric material treated with a conducting mate- 
rial interposed between the conductors. The distance between 
the conductors is made variable by a pressure varying screw bear- 
ing upon one of the conductors whereby the distance between the 
conductors is varied at the same time that the resistance may 
be increased or decreased. The spacing member may be of re- 


852 


silient corrugated material adapted to be flattened under vari- 
able pressure. The dielectric material may be impregnated with 
India ink, forming a partial conductor. In this way a grid leak 
and grid condenser may be embodied in the same instrument. 


1,506,799—P. E. Wiggin, filed July 9, 1921, issued September 2, 
1924. Assigned to Westinghouse Electric and Manufactur- 
ing Company, of Pennsylvania. 
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NUMBER 1,506,799— Radio Tuning System 


Като TUNING NysTEM for operation with an oscillatory or 
regenerative system including an electron tube. The input cir- 
cult of the tube is tuned by controlling the impedance of the cir- 
cuit. The output circuit of the tube is tuned by simultaneously 
varying the impedance and the capacity of a variable by-pass 
condenser in the said circuit. The circuit is described with par- 
ticular application to a radio receiver for the reception of broad- 
cast signals. 


1,507,016—L. De Forest, filed September 23, 1915, issued Sep- 
tember 2, 1924. Assignor to De Forest Radio Telephone and 
Telegraph Company, of New York. 

Влью SIGNALING SYSTEM, emploving an eleetron tube circuit 
arranged to function as an oscillator with an inductive coupling 
between the oscillation circuit and an antenna system. Тһе 
oscillating system is employed as a generator of energy at a radio 
transmission system. 


1,507,017 L. De Forest, filed March 20, 1914, issued September 
2, 1924. Assigned to De Forest Radio Telephone. and 
Telegraph Company, of New York. 
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Клоо TELEPHONE AND TELEGRAPH SYSTEM, in which ап 
electron tube circuit is employed, connected as an oscillator for 
generating oscillators at a transmitting station. The claims of 
this patent recite the tube structure and electrodes therein with 
circuits connecting the electrodes associated to react upon each 
other. The diagrams in the patent show the tube functioning as 
an oscillator at the radio transmitter. 


1,507,689—F. G. Simpson, filed November 4, 1922, issued Sep- 
tember 9, 1924. 


NuMBER 1,507,689—Radio Telegraph and Telephone Receiving System 


Rapio TELEGRAPH AND TELEPHONE RECEIVING SYSTEM, em- 
ploying а local generator at the receiving station. А pair of 
valves are connected in the receiving circuit and arranged to 
permit the generator to supply uni-directional current impulses 
to the oscillator antenna circuit. Тһе circuit including said gen- 
erator is adjusted to be resonant at substantially twice the fre- 
quency of the oscillatory antenna circuit. 


1,507,725—J. Bethenod et al, filed August 19, 1921, issued Sep- 
tember 9, 1924. 

DovBLv TuNED Rapio RECEIVER, including one circuit tuned 
to а frequency greater than the signal frequency, and а second 
circuit tuned to a frequency lower than the signal frequency. The 
circuits are so arranged that the current therein may be opposed 
to prevent the response of the system to sudden discharges, such 
as static, but to permit the system to operate on the receipt of 
signals. 


Fig. 2 


NuMBER 1,507,725—Doubly Tuned Radio Receiver 


1,508,151—E. F. W. Alexanderson, filed April 19, 1916, issued 
September 9, 1924. Assigned to General Electric Company, 
of New York. 


Fig. 2. 


NuMBER 1,508,151—Radio Signaling System 


RADIO SIGNALING SYSTEM, for the reception of signals with- 
out disturbances from static effects. The patentee points out 
that in order to receive signals thru strays, a circuit must Бе 
provided to discriminate between these two sources of energy, 
by comparing the character of the energy over relatively long 
periods. A circuit is shown for prolonging the time during which 
the signal can act with accumulative effect on the receiving cir- 
cuit considerably beyond the time during which disturbances 
can act. In order to prolong the time during which the signals 
and the disturbances may be compared, а tuned circuit of lower 
than radio frequency, but above audibility, is provided. The 
desired lowered frequency is obtained by means of interference 
beats between the incoming signals and the local source to pro- 
duce a current of radio frequency having amplitude pulsations 
of much lower frequency, but above audibility. This current is 
used to produce an alternating current having a frequency cor- 
responding to the frequency of the amplitude pulsations. A 
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resonant circuit is provided for accumulating the energy of this 
alternating current and a detector] is operated by the energy thus 
accumulated. 


1,508,356—W. C. White, filed February 18, 1920, issued Septem- 
ber 9, 1924. Assigned to General Electric Company, of 
New York. 

ELECTRON DISCHARGE DEVICE, in which the elements are 
arranged within an evacuated vessel in such manner that the 
controlling electrode is located about the cathode and within 
electron receiving relation therewith. The anode is enclosed by 
the cathode. The anode may consist of a rod extension within 
the cathode while the control electrode may comprise a small cup 
enclosing the other electrodes. 


1,508, 615—E. C. Rowley, filed December 27, 1922, issued Sep- 
tember 16, 1924. 


CRYSTAL DETECTOR FOR RADIO md in which a multi- 
point contact element is provided, consisting of a conducting 
disk, а clamping disk and securing means for locking the disks 
together, in order to hold а plurality of cat whiskers between the 
disks. The plurality of cat. whiskers are placed in contact with 
the surface of a sensitive crystal element. 


1,508,893—F. G. Mitchell, filed June 24, 1922, issued September 
16, 1924. 


CRYSTAL DETECTOR FOR Rapio RECEPTION, in which a pair 
of plates supported by a base is arranged with serrated edges 
between which a sensitive crystal is gripped, thereby providing a 
rectifying system. 


1,509,139—D. Grimes, filed April 21, 1922, issued September 23, 
1924. Assigned to American Telephone and Telegraph 
Company, New York. 

Rapio RECEIVING APPARATUS, in which the filaments of the 
electron tube amplifier are heated from an alternating current of 
relatively low frequency. А coupling is provided between the 
filament circuit of the tubes and the source of alternating current, 
including a condenser offering small impedance to radio fre- 
quencies and large impedance to other frequencies and a shunt 
associated with the coupling and arranged to be anti-resonant 
to radio frequency, but resonant to lower frequency. 
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1,510,341—J. А. Proctor, filed June 4, 1921, issued September 
30, 1924. Assignor to Wireless Specialty Apparatus Com- 
pany, Boston. 


ELECTRICAL APPARATUS, forming a quick break-in system, 
for placing receiving apparatus at a radio station in condition of 
operation intermediate the transmitting periods. The apparatus 
consists of a switch, the contacts of which are operated within 
a vacuum. The contacts are positively opened during the trans- 
mitting intervals disconnecting the receiver from the antenna. 


1,510,624—A. J. Kloneck, filed March 31, 1920, issued October 
7, 1924. 


ELECTRICAL POWER TRANSMISSION BY RADIATION, for the 
purposes of driving machinery at distant points from one or more 
central power stations. The patent describes a system for trans- 
mitting and receiving light and motor power, comprising a 
plurality of independently operating generating dynamos ar- 
ranged at remote points from one another and adapted for co- 
operatively radiating electrical energy of one character and of a 
frequency below 200 cycles. Independent radiating circuits are 
provided for the separate dynamos and each of the radiating 
circuits are tuned to a corresponding frequency. 


1,510,741—E. G. Danielson, filed October 30, 1919, issued 
October 7, 1924. Assigned to Gray and Danielson Manu- 
facturing Company, San Francisco. 


Rotary ЭРАВК Gap APPARATUS for a radio transmitter, 
wherein the rotor is driven by a rotable shaft passing thru a 
rotary electrode drum. The stationary supporting drum is pro- 
vided with insulators projecting therein, which support station- 
ary electrodes with pairs thereof, interconnected by arc-shaped 
members upon which the stationary electrodes may be relatively 
adjusted with respect to the rotary electrodes. 


1,510,792—E. Merritt, filed July 1, 1921, issued October 7, 1924. 

METHOD OF AND MEANS FOR DETERMINING PHASE DIFFER- 
ENCE, whereby the direction of the waves may be determined. 
The fundamental principle involved is the determination of phase 
differences between trains of waves or vibrations, by means of 
the phase difference between the beats that are produced when 
these wave trains or vibrations are combined, by the process of 
heterodyning with another wave train or vibrations of a different 
frequency. 


NUMBER 1,510,792—Method of and Means for Determining Phase Difference 


1,510,799—J. H. Rogers, filed July 12, 1923, issued October 7, 
1924. 


Loop AERIAL, in which all of the turns of the loop lie substan- 
tially in the surface of a polygonal tore. The loop is constructed 
on a frame having arms at each end, on which a circular disk-like 
member is provided. The circular members are apertured to 
receive the turns of the loop in such position that all of the turns 
are disposed symmetrically with respect to the others. 


1,510,945—E. В. Lewis, filed August 8, 1922, issued October 7, 
1924. 


NuMBER 1,510,945—Radio Receiving System 
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Rapiro RECEIVING SysTEM, in which undesired locally gen- 
erated “feed back" currents occurring in the electron tube cir- 
cuits are suppressed and thus prevented from building up to ап 
injurious degree. An absorbing device for the undesired oscilla- 
tions fed back into the grid circuit from the associated tube cir- 
cuits is provided. The device comprises an inductance coil in © 
the grid circuit, including an outer stationary ring in series there- 
with. The stationary outer ring has an inner-closed ring mounted 
on an axis in the plane of the outer ring and adapted to be rotated 
on its axis, whereby the energy of said oscillations will be selec- 
tively absorbed by induction and dissipated as heat. 


Re. 15,924—E. A. Sperry, filed March 12, 1920, issued October 
7,1924. Assignor to Sperry Gyroscope Company, Brooklyn, 
New York. 

RaDio REPEATER бүвтем for automatically transmitting the 
readings of an indicating member by radio to a distant point. 
The invention is described as applied in automatically transmit- 
ting by radio to an aircraft or other distant point the readings of 
а compass, fire control instrument, or other indicator on board а 
ship, whereby the ship's heading or the bearing of a target ob- 
served from the ship may be constantly communicated to such 
distant point. Such a system has especial uses in the aerial 
ordnance control for heavy guns where the target is only visible 
from airplanes, which signal to the ships or other firing station 
the bearings of the target. Тһе ship’s compass is used to control 
the radio transmitter and at the receiver an indicator is actuated 
to reproduce the compass reading. 


1,51 1,935—E. A. Bayles, et al, filed July 20, 1921, issued October 
14, 1924. 


ELECTRICAL CONDENSER, In which a liquid impregnating 
dielectric is used and the condenser units are formed of laminae 
of paper and metal. The dielectric is wound around a layer of 
corrugated material which spaces the condenser sections apart. 
By reason of the separation of the condenser units by the corru- 
gated material a high degree of insulation against breakdown 1s 
obtained. 


1,512,398—R. C. Browne, filed October 14, 1922, issued October 
21, 1924. | 


AIR CONDENSER, having a plurality of movable vanes and а 
locking member associated with one of the vanes adapted to co- 
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operate with a desired number of the other movable vanes to 
‘control their operation in unison. The condenser may be varied 
over small ranges of capacity by moving one of the vanes inde- 
pendently of the others and then moving all of the vanes or a 
portion thereof simultaneously. 


1,512,824-Н. М. De Bellescize, filed August 29, 1921, issued 
October 21, 1924. 

Rapio TELEGRAPH AND TELEPHONE RECEIVER, which is sub- 
stantially protected against static and strays by a differential 
circuit, including two opposing resonators. The incoming signal- 
ing energy is impressed upon a detector and then upon a pair of 
circuits, tuned to slightly different tone frequencies. The circuits 
are connected in opposition and deliver energy to a telephone 
receiver circuit, connected with both of the opposition circuits 
in such manner that persistent signals may actuate the responsive 
device while strays may be canceled. 


1,512,960—J. Weinberger, filed October 11, 1921, issued October 
‚ 28, 1924. 


E. SAG И. 
NUMBER 1,512,960—Radio Signaling System 


Ravio SIGNALING SYSTEM, employing a modulation circuit 
for controlling the amplitude of radio-frequency signaling energy 
by means of an arrangement in which the variation of an audio-fre- 
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quency magnetization circuit having an iron core, co-operates 
with a radio-frequency winding on the core to greatly vary the 
effective resistance of the latter.. The change in the resistance 
of the radio frequency winding is düe to the change of the iron 
losses of the core when the direct current magnetization is varied. 


1,513,010—H. Rukop, filed May 3, 1922, issued October 28, 1924. 


NuMBER 1,513,010—Arrangement for Producing Electrical Oscillations 


ARRANGEMENT FOR PRODUCING ELECTRICAL OSCILLATIONS, 
wherein an electron tube, provided with a special positive elec- 
trode is employed, connected in an oscillatory circuit. The tube 
contains a cathode, a space-charging positive electrode, a grid 
and an anode arranged in the order named. A circuit connects 
the space-charging electrode and the anode with the cathode. A 
grid circuit and an anode circuit is provided, the positive space- 
charging electrode operating to influence the negative character- 
istic of the tube to maintain the circuits in oscillation. 


1,513,223—F. Conrad, filed October 17, 1918, issued October 28, 
1924. $ 
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NUMBER 1,513,223 —Receiving Circuit for the Elimination of Static 
Disturbances 
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RECEIVING CIRCUIT FOR THE ELIMINATION OF STATIC Dis- 
TURBANCES, employing two antennas associated with the receiv- 
ing apparatus in such manner that substantially equal charges 
imparted thereto by static influences cancel each other within 
the receiving apparatus, thus being rendered imperceptible to 
the operator. The antennas are supported at different heights 
so that the signal impulses will be stronger in one antenna 
than in the other. The unequal amounts of energy imparted to 
the antenna by incoming signal impulses fail to cancel each other 
and thus a residual effect is imparted in the receiving apparatus 
which may be amplified if desirable, in order to render it more 
clearly perceptible to the operator. 


1,513,286—J. Slepian, filed November 16, 1921, issued October 
28, 1924. 


Receiver 
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NuMBER 1,513,286—Static Elimination System 


STATIC ELIMINATION SysTEM for radio receiving apparatus, 
wherein a resistor having such a value as effectively to damp 
the receiving system is connected in the antenna circuit. A non- 
resonant circuit is associated with the resistor, in such manner 
that the voltage drop therein may be substantially neutralized 
for current of predetermined frequency only whereby the system 
is screened against static. 


1,513,324—S. М. Kintner, filed October 25, 1921, issued October 
28, 1924. Assignor to Westinghouse Electric and Manu- 
facturing Company. 
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NuMBER 1,513,324—Polyphase Plate Circuit Excitation System 


PoLYPHASE PLATE CiRcUIT EXCITATION System for electron 
tubes connected to form an oscillation generator. А circuit 
arrangement is shown for the connection of a plurality of tubes, 
wherein the plates are energized from three phase alternating 
currents of commercial frequency. The invention describes a 
transmission system, wherein commercial three phase alternating 
current is placed directly upon the plates of the several tubes 
which supply oscillations to a common circuit associated with 
the_radiation system. 


1,513,326—W. C. Lamphier, filed February 9, 1923,, issued 
October 28, 1924. 
| Влото DETECTOR, consisting of two contact devices, опе of 
which is a steel-wool sensitive contact member and the other 
graphite. The steel-wool is mounted in the usual detector cup 
and the graphite is adjusted in contact therewith to obtain the 
desired rectifying characteristic. 


1,513,561—F. Schroter, filed October 5, 1920, issued October 28, 
1924.  Assignor to Gesellschaft für drahtlose Telegraphie 
m. b. H. Berlin, Germany. 
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Gas RELAY, comprising an evacuated vessel containing an 
anode, a grid and a cathode, which consists of an alkaline metal 
together with an inert mixture of a gaseous medium in the tube. 


1,513,707—J. H. Hammond, Jr., original filed August 5, 1919, 
issued October 28, 1924. 


/ 
| 
L oum 


4 


=— 
pe 


um СДЦ, зы 
|-= 
S 
1 
шшщщ) 
mama! 
‚а ех OMS 


[-1 
2 A 


NUMBER 1,513,707 —Transmission and Receiving System 


TRANSMISSION AND RECEIVING SYSTEM for secret communi- 
cation by radio, wherein the transmitted signals consist of a series 
of impulses having impressed thereon a plurality of series of 
periodic modifications of different frequencies which are received 
and combined at the receiving station to produce an intelligible 


signal. 
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CUNNINGHAM 
AMPLIFIER fi at 
ТУРЕ C 301A 


PatomTet 


C-300—6 volts Gas 
Content Detector. 


$5.00 


CUNNINGHAM 
DETECTOR TUBE 
TYPE С 300 


PATEMTED 


C-301 A—6 volts 


/4 amp. Amplifer. 


$5.00 


PATENT NOTICE 
Cunningham 
сөтегей by 
2-18-08, 


tubes are 
patents dated 
and others 13- 
sued. and pending. Li- 
eensed fur amateur, ex 
perimental and entertain- 
ment use іп radio commu- 
nication. Amy other use 
will be an infringement 


C-12— Similar: to 


С.11 
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атар. Пту 
Det. алпа 


| $5.00 

С-11—1.1 Volt 125 | 
amp. Dry Battery 
Det. and. Amp. 
Special base, 


$5.00 


with. stand- 


ard . base. 


RADIO. TUBES 


For Every Type of 


Receiving Set 


Three of the five tubes shown here are designed to use 
dry batteries for filament lighting. Type C-299 is com- 
pact, highly efficient as a radio-frequency amplifier, de- 
tector and audio-frequency amplifier. The filament 
draws only .06 amperes at 3 volts, 


C-11 is a dry battery tube for use in sets having special 
Sockets, ach as the Aeriola Senior and Aeriola Grand. 
The filanent is lighted from a single dry battery and 
draws .25 amperes. ` 


use in sets equipped with standard sockets without the 
aid of special adaptors. | 


Whenever storage battery supply is available, the 
C-300 is the most sensitive detector for reception of 
distant and weak signals. 


Under the same condition C-301 Avis the best tube for 
amplification at either radio or audio-frequency. 


Home Office: 
182 Second St, 


‹ 154 West Lake St. 
San Francisco ) 


Сһісадо 


C.299—3 Volts .06 
Battery 
Amp. 


4 


С-12 is identical to C-11, but is mounted on a base for | 


RADIO CONDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 2(0 standard FARADON con- 


densers on which immediate deliveries can be made. 
Complete new catalog will be sent on request. 


Wireless Specialty Apparatus Company 
BOSTON, MASS. 
Established 1907 


ЗОДИАКА АЛАН 


Е Roller-Smith 
Instruments 


A complete line of 315" А. С. 
апа D. С. Ammeters, Volt- 
meters and Antenna Am- 
meters for all radio applica- 
tions. 


Send for Bulletin No. K-10 


Roller-Smith Head-Sets 
The Universal type А, 3000 ohms. 


A real head-set for the man who knows. 


Send for Bulletin No. K-20 


2134 Woolworth e NEW YORK 
Offices in Principal Cities т 0.75. and Canada 


ЕШШ ШШШ ШИШИШИ И АНАНАСА 


ЕШ ШИДІ 


——— 


E DR RR ALLL 
wal 


As specialists in the de- 
sign and construction 
of Transformers we are 
prepared to quote prices 
and delivery on Trans- 
formers singly or in 
quantity. 


Our Radio Transformers 
are well known for their 
high efficiency and rug- 
gedness. 


ACME APPARATUS COMPANY 


200 MASSACHUSETTS AVENUE 
CAMBRIDGE 39, MASS. 


TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS 


Constant Impedance 


AUDIBILITY METER. 


Type 164 


AUDIBILIT Y 
METER 


Price, $36 


The ear alone cannot be depended upon to esti- 
mate the intensity of received signal strength. Some 
auxiliary standard of reference must be used. 


One of the more common methods is to shunt the 
telephone receivers. As the receivers are shunted, 
however, a series resistance of such a value should 
be added to the circuit that the impedance will re- 
main unchanged. 


The Type 164 Audibility Meter is so designed that 
it is direct reading in audibilities, and keeps the total 
impedance of the circuit practically constant. 


Do not guess at your receiving results. Know the 
real facts. 
Send for Bulletin R 


GENERAL RADIO CO. 


Manufacturers of 
Radio and Electrical Laboratory 
Apparatus 


Massachusetts Avenue and Windsor St. 


CAMBRIDGE 39 MASSACHUSETTS 


IH 


IMPROVED! 


Universal Plug No. 40 
Pat. Jan. 8, 1924, Other Pat. Pend. 
Another marked improvement has been 
made in this popular, low priced plug. 
A new type of connector greatly simpli- 
P A CENT fies the connection. Just insert the cord 
tips and clamp the shells together to 


J A C K S obtain a sure, gripping contact. Соп- 


nectors are stamped to indicate polarity 


: and all metal parts are satin nickel 
== finished. 
Write for Catalog D-2 


Pacent Electric Co., Inc. 


There is an improved 
22 Park Place New York, N. Y. 


Pacent Jack for every 
Modern Circuit. Sizes 


725 Pacent 
60c. to $1.00 


RADIO ESSENTIALS 


BATTERY 
CHARGER 


for use on a 110-volt 
D.C. line. Equipped 
with the famous Ward 
Leonard Vitrohm 
(Vitreous enamelled) 
Resistor Units. Litera- 
ture on request. 


Ward Leonar 


LOUIS PAULOUIN LEON DELOYV, reteosvr /4^ARCEAU GEENL .X 
Мс BETAINE сан 95. Boui’ Момт-Әсеоь тебелезге 


— VILLA PERRI --- імосат» Т. $. В. або T. 64-67 101. бом." Gamarra 
Var Rose 
ALEXANORE PREZEAU, т.е. говон - 


2% Rue Р: чт. до 


т. 44-08 


RADIO-CLUB DE LA COTE D'AZUR 
NICE 


Mr, Е; К. JAMES 

с/о AsH. GREBS & Co, Ince, 

Richmond Hill, N.Y. Ноу. lst. 1923, 
U.S.A. 


Dear Mr, James, 


Back home since four days only I have reinstalled 
my station for 100 meter work. 

І аш glad to say the GicBE Cx-13 which I brought 
back has already done splendid work, I tuned dom to 100 
meters for the first time this morning at 0010 G.hk.T. апі 
immediately heard KIKA, 1 followed him until 0.00 and all 
tne time his carricr wave was rood, he could have been 
easily read in telerr.phy. at times excellent orchectral 
music and some words were plainly heard in spite of heavy 
static ani arc interference, 

ihe distance from Pittsburgh to Nice must be about 
7,000 kilometers (rouchly 4,400 miles); I have all reasons 
to think this is the worl! record distance transmission on 
100 meter wave. 

Please express my hearty conrratulations to the 
GREBE Оо, for t:.eir wonierrul receiver, 


Yery sincerely yours, 

s E. 

2-0 wr -О-5- 
ГЗАВ 7 --------- 


It is signiticant that the Grebe “13” is the choice of those 
Amateurs who have established worth-while distance 
records. Each detail of Grebe craftsmanship is fitting 
testimony of its efficiency. 


Combining Regeneration and Tuned R. F., idt affords 
sharper tuning, greater range and quieter operation. 115 
wavelength range 15: 80-300 Metres. 


Ask your dealer or write us for 
complete information. 


А. Н. СКЕВЕ & СО., Inc. 


72Уал Wyck Boulevard, Richmond Hill, М. Ү. 
Western Branch: 451 East 3rd Street, Los Angeles, Cal. 


"Let the instructed 
lead thc жау by 
example.” 


--Капа Ня. 
іп relax work the 
wise DX man 
uses a E 


GREBE 


Licensed under 


<. Armstrong U. S. 
ы Pat. No. 1.11319. 


V 


АМ 
Double Range Portable Voltmeter 


А new, high resistance instrument 
for accurately measuring filament, 
plate and grid voltages. Ranges 150 
and 714 volts. Mounts on panel if 
desired. 


Other Weston instruments include 
plate апа filament voltmeters, for 
panel, — milliammeters, — ammeters, 
thermo-ammeters, thermo-galvano- 
meters, ete. 


Full particulars in Booklet J. 
Write for it. 


Weston Electrical Instrument Co. 
72 Weston Ave. Newark, N. J. 


Branch Offices inall Principal Cities. 


Electrical 


EG U S. PAT. OFF.- 


A Super Audio Frequency Amplifying 
Transformer Without Distortion 


7- AUDIBILITY AMPUPICATION OF ONE Аме RAM BETWEEN Ora 
Сеооа DI*OTRONS. PL. ATE УСТАВЕ ОО, GRO В:А9-4 3 VOLTS; 


тма Rv A3 Ф. 

зме Saar VE MAS SANE SHARE ров WOU. 24 

conve: оме Аме АТКАМ BETWEEN TUBES Of SOOO-OHMS АС IMPEDANCE 
. PLATE VOLTAGE 140, GRID BIAS: 9 VOLTS, AMPL CONST. OF TURE -6. 


‘AUDIO FREQUENCY -CYCLES PeR SECOND. | 


MUSICAL NOTES BELOW CORRESPOND 10 ABOVE FREQUENCIES 


EE 


Daamarec SOPRANO 
ME L 20 ЗОФЖАМО | 
M 229CONTRAL Tel AMPLIFICATION CHART | 
Фо. ть HALT! AND MUSICAL SCALE 
Basic AMERICAN TRANSFORMER CO. 


COPVAcqut 3 


. American ‘Transformer Company Newark, N. J. 


VI 


Main Factory of the American Radio and Research Corporation, Medford Hillside, 
Mass. Home of Amrad Radio. Showing at extreme right Research and Engineering 
Laboratories and Broadcasting Station WGI, erected June 1915, the W orld's Oldest 

Broadcasting Station operating to-day 


Exclusive 


Developments 


For eight years this 
Corporationhas special- 
ized in the development 
of Radio. Among re- 


sults— 


Тһе AMRAD “5” Tube—a 
Rectifier with NO FILAMENT 
TO BURN OUT. 


The AMRAD BASKETBALL ч 
BASKETBALL Variometer—a radical improve- The S-TUBE 
a ,'ARIOMETER | ment over the conventional Rectifies u о 1000 volts 
emarkably ow electric С. sulting D.C. has 
losses and distributed capac- moulded type. minimum wave ripple 
ity. with ordinary filter. 


AMERICAN RADIO AND [RESEARCH CORPORATION 


MEDFORD HILLSIDE, MASS. 
New York (4 Miles North of Boston) Chicago 


ҮП 


233 Broadway, N. Y. C. 


A Radio Statement to the Public 


EEPING its pledge to the public, the Radio Cor- 

poration of America has concentrated its vast research 
forces upon the solution of certain fundamental problems 
— problems which have become more apparent as broad- 
casting stations and radio receivers multiply. 


Briefly stated, there is today a 
necessity for 


- A radio receiver providing super- 
selectivity —the ability to select 
the station you want — whether 
or not local stations operate. А 
selectivity which goes to the theo- 
retical limits of the science. 


Super - sensitiveness — meaning 
volume from distant stations — 
along with selectivity 


-- Improved acoustics — more faith- 
ful reproduction of broadcasted 
voice and music than has ever 
been possible before. 


— ''Non-radiating'" receivers— а 
new development, a type of re- 
ceiver which, no matter how 
handled, will not interfere with 
your neighbor's enjoyment. 


-More simplified operation--a 
super-receiver requiring no tech- 
nical skill, thus making the great- 
est achievementsof entertainment 
immediately available to all mem- 
bers of the family. 


A receiver. for the apartment 
house and populated districts, re- 
quiring neither aerial nor ground 
connection. 


—Another type of improvedreceiver 
for the suburban districts, equally 
capable to that above, for use 
where the erection of an aerial 
presents no problem. 


Painstaking search in quest of 
these ideals has led to new discov- 
eries, setting new standards— dis- 
coveries, which have established: 


First—that improved acoustics 
are possible—a matter of scientific 
research- for truly melodious re- 
ception. 


Second- that dry battery operated 
sets can be so designed as to 
give both го/ите and distance. 


Third- -that the regenerative ге- 
ceiver could be markedly improv- 
ed — providing selectivity, sen- 
sitiveness and simplicity of opera- 
tion hitherto deemed impossible. 


Fourth —t*hat the Super- Hetero- 
dyne- the hitherto complicated 
device requiring engineering skill 
to operate could be vastly im- 
proved—improved in sensitive- 
ness and selectivity—and simpli- 
fied so that the very novice and 
the layman could enter new 
regions of entertainment and 
delight. 


Watch For Further Announcements 


Radio Corporation of America 
Sales Offices: 


REG. U.S PAT. OFF, 


ҮНІ 


10 So. La Salle St., Chicago, ПІ, 


——— — ————— —— ————— 


433 California St., San Francisco, Cal. 


Not claims 
but proven facts- 


Under test, Radion Panels show the 
lowest phase angle difference, the low- 
est di-electric constant and the highest 
resistivity. 


Radion Panels are absolutely im- 
pervious to moisture, gases and most 
acids. And this is true for both sides 
of the panel. 


No other panel is as easy to work. 
Radion Panels do not chip under the 
saw or drill. 


The beauty of Mahoganite Radion 
Panels cannot be surpassed, while the 
soft sheen of the black panels is equally 
attractive. 


Dials, V. T. Sockets, Condenser ends, 


Insulators, and Knobs are also made 
of Radion. 


It will pay you to test Radion for 
yourself. Any co-operation which we 
can give in such a test will be furnished 


gladly. 
American Hard Rubber Co. 
11 Mercer Street New York 


RADION 


Panels, Dials, Knobs, Sockets 


Concerning BURGESS BATTERIES 


The unique position of esteem and confidence occupied by Burgess 
Radio Batteries is a natural development of the conservative policy 
which has characterized the manufacture, advertising and sale of 
Jureess products. 

It will be of interest to the thinking battery buyer to know that а 
Burgess product is neither advertised nor sold until its merit has been 
proven, not only by our own rigid tests, but also those 
the foremost radio engineers, manufacturers and ex- 

nenters in the country. 
ugh friendly criticism and suggestions, together 
with extensive research and engineering 
bv the €. F. Burgess Laboratories the 
efficiency of Burgess Batteries has in- 
creased to a degree which we believe is 
not equalled elsewhere. 
^ — *ASK ANY RADIO ENGINEER” 


BURGESS BATTERY COMPANY 


Емсімаанв - DRY BATTERIES - MANUFACTURERS 
FLASHLIGHT - RADIO . IGNITION - TELEPHONE 


GENERAL SALES OFFICE: HAR^IS TRUST BLDG.. CHICAGO 
LABORATORIES AND WORKS: MADISON. WISCONSIN 


BRANCHES 
arw YORK 805708 KARSAS CITY MINREAPOLIS 
$»ASaIRGTOR PITTSBURGH ST.LOUIS MEW OALLANS 
IN CANADA 
PLANTS. NIAGARA FALLS AND WINNIPEG 
ІШ” BRANCHES: тосе - — wOwISFAL > $T. ЈОНИ 


BRACH 


TZA GUYU U MI 
Плснткікс ARRESTER 
For 17 Years a Lead- 


er in the Field of 
Protective Apparatus 


L. S. BRACH MFG. CO. NEWARK, N. J. 


AF MAGNET WIRE & WINDINGS 
rd 
AGN For Rapio 


WRITE TODAY FOR PRICES AND SAMPLES 


DUDLO MANUFACTURING CO., FORT WAYNE, IND. 


Pacific Coast Representative 
A. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal. 


The men who developed 
radio used the Navy Type 
headset for their delicate 
experiments. 

Its fine construction, 
matched tone and shielded 
cord caused them to sin- 
gle it out as the one head- 
set for truly accurate 
work. 


shielded cord —an 
feature—elim- 
inates “cord capacity 
howls.” Тһе leads аге 
encased in a metal braid 
that is continued to a 
third terminal—grounding 
all metal parts of the 
receivers and assuring 
purest tone. 


The 
exclusive 


CMatched ‘Tone 


Radio Headsets 


pM 
to 
= 
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Murdock 
Radio Headphones 


STANDARD SINCE 1904 


Announcing New Prices 
2000 OHM SETS 22... 94.00 
2000 OHM SETS "D" 4.50 
| Better Made Now 
Than Ever 


| WM. J. MURDOCK CO. 
WASHINGTON AVENUE 
| CHELSEA, MASS. 


ICE-BOUND ит wor ISOLATED 


It can’t be done, you say? We didn’t think it could either. But 
listen. It’s a long distance from the Arctic Circle to Minot, North 
Dakota. We really never thought of the two places before in 
connection with one another until Mr. L. H. Weeks, of the Radio 
Equipment Corporation, and Ace Type V and 3B receivers brought 
them together. 


As yeu know, the MacMillan Expedition station WNP is at 
present frozen in somewhere near the North Pole. We're all trying 
to pick up their nightly messages. Once in a while we succeed. But 
to the little Ace Type V and Ace Type 3B, operated by Mr. Weeks, 
9 DKB, goes the distinction of being the only consistent relay 
point of WNP. 


Here's what Mr. Weeks 
! 


says: 
Nov. 21, 1923. 


“The little Ace Type 
ЗВ isn't so bad for 
selectivity, cutting out a 
ten watter, radiating 3 
amps, and bringing in 
the louder B. C. Sta- 
tions. Hung up a little 
record with one last 
night. Heard WNP 
and worked him, using 
| 

| 

| 

| 


50 watts and the 3 В. Hi" sage from WNP sent direct 
Dec. 11, 1923. n ar U. 2 It ee an pus un 
T the Ace lype ‚ on which it 
мок and. trek 1500 weeds was received, brought it in QSA 
NANA for him. Took a Without a miss. 

message from him the morning Dec. 19, 1923. 

before that „was destined for “Took twelve messages from 
Sommerville. MacMillan two hours, using Ace 
This is the first NANA mes- Туре Five." 


N do you believe us? If not we can give you plenty more evi- 
ence. 


But maybe this isn’t news to you. Perhaps you have had success in 
bringing in WNP. И not, keep on trying. Your Ace Model V or 
Ace 3B might not bring them in the first time you try, but if they 
can do it in Minot, N. D., they can probably do it for you. 


THE CROSLEY RADIO CORPORATION 


| Powel Crosley, Jr., President 


Formerly 


The Precision Equipment Company and Crosley Manufacturing Company 


261 Alfred Street, Cincinnati, Ohio 
The Largest Manufacturer of Radio Receivers in the World 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 


THE J. G. WHITE 


Engineering Corporation 


Engineers—Constructors 
Builders of New York Radio Central 


MONTAGUE FERRY 


$8 So. Dearborn St., Chicago 


Industrial, Steam Power and Gas 
Plants, Steam and Electric Rail- 
roads, Transmission Systems. 


43 Exchange Place, NEW YORK 


Radio Apparatus 
Design 


Electrical Testing 


Laboratories 


Electrical, Photometrical, 
Chemical and Mechanical 


Your Card here will be seen 
by over 2,500 Institute of 
Radio Engineers members. 


Laboratories 


RADIO DEPARTMENT 


80th Street and East End Ave. 
New York, N. Y. 


Rate: Per single issue.... $ 5.00 
Rate: Per year (six issues) 25.00 
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ARISTOS WIRE D 
і 
TRADE MARK REG. U S PAL OFF. Н 
(Made by the Molten Welding Process) p 
4 
t 
4 
ADOPTED AND USED BY THE LARGEST ң 
RADIO COMPANIES IN THE WORLD Г 
For aerials, Copperweld has advantages over 
solid copper or bronze 
4 
Radio frequency currents, because of “skin effect," flow along the exterior 
of wires. The smooth exterior thickness of copper on Copperweld Wire gives it 
practically the same high electrical conductivity as a solid copper wire (see Let- 
ter Circular Мо. 02, U. S. Bureau of Standards). 
Greater strength is given by its steel core. No. 14 Copperweld Antenna n. 
Wire has 505, greater strength than No. 14 hard-drawn copper ог 7-No. 22 4 


stranded copper wires. It stays up under severe loads when copper and stranded 
copper wires sag and break. 


For ANTENNA, No. 14 Bare Copperweld Antenna Wire 
For LEAD IN, No. 17 Rubber Insulated Copperweld Wire b 
For GROUND Wire, same as Lead-In Wire t 
For GROUNDING to earth, Copperweld Ground Rods, 14” diam. 


Larger sizes for commercial stations 


Copper Clad Steel Company н 


New York San Francisco Chicago Б 
Mills and Main Office, Braddock P. O., Rankin, Pa. н 


024 азай йз айп иш мз э» ыз win оз иһ чы э» с \ ! 
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"СНЕ DeForest name 
has been in the fore- 
front of radio research 
for twenty-three years. 
DeForest invented the 
three-electrode vacuum 
tube which makes 
present-day radio pos- 
sible. The sets and 
parts made to-day by 
the DeForest Company 
are worthy of the 
DeForest name. 
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Cn an casy chair 
at home MAGNAVOX 
| gives you the melody 
| of concert and opera 


1: 


Reproducers and беріден 


| = $ A | 
SAS a e qz nu 4 


АСМАУОХ instruments аге never 

subject to those interferences 
which, at critical moments, aresoaptto 
mar the performance of ordinary radio 
reproducers. 

To measure the success which Magnavox en- 
gineers have accomplished in the design and 
manufacture of Magnavox products, remember 
that they have been sold in far larger quanti- 
ties than any other radio units in the world. 


Magnavox Reproducer 
R2 with 18-inch curvex horn . $60.00 
R3 with 14-inch curvex horn . $35.00 
MI with 14-inch curvex horn. Re- 
quires no battery for the field. $35.00 


Magnavox Combination Sets 
A1-Reonsisting of electro-dynamic 
Reproducer with 14-іп. curvex 
hornand 1 stage of amplification $59.00 
A2-RsameasA1-Rbutwith2stages 
of amplification А : . $85.00 № MAGNAVOX 
Magnavox Power Amplifiers 
А 1—1-5гғасе . : Р Е . 827.50 
AC-2-C—2-stage . | A . $55.00 
AC-3-C—3-stage . А . $75.00 


ERE MAGNAVOX. СО... 
OAKLAND, CALIFORNIA 
New York Office: 370 SEVENTH AVE. 
PerkinsElectric Limited, Toronto, Montreal, Winnipeg 
Canadian Distributors 
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adio Batteries 


—they last longer 


EVEREADY “В” BATTERY 
No. 766 
In the new metal case 


Thirty years of Dry Cell experience and a large 


research organization are back of EVEREADY 
Radio Batteries. 


There is an EVEREADY Battery for every 
radio need. 


Dry Cell “А” Batteries— 
Storage “A” Batteries— 


“В” Batteries for all sets—from the smallest 
portable to the largest permanent installation. 


“С” Batteries for improving quality of recep- 
tion and increasing “B” Battery life. 


Manufactured and Guaranteed, by 


National Carbon Company 


New York—San Francisco 


Headquarters for Radio Battery Information 


CANADIAN NATIONAL CARBON CO., Limited. 
Factory and Offices: Toronto, Ontario 


If the soldering labs. are nol needed, simply enm 
swing them ош of the шау, as here shown 2 


Micadon Type 601 = 7 


now has swinging soldering tabs | A 


The new swinging soldering tabs with which the Du- | 
bilier Micadon is now provided, facilitate mounting. ~~ 22 P. N | 


The hot soldering iron need not touch the Micadon di- — 
rectly. Hence the capacity is not affected by heat. | x E 


If Dubilier Micadons are to be mounted with screws, m 
simply swing the soldering tabs out of the way and use the _ ES 
eyelets. 


Dubilier Micadons are incorporated in the _ 
leading. manufactured sets” because of their i: : 
permanent capacity. | AN Ж 52 
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Dubilier Condenser & Radio Corporal ior 
42 West Fourth St. 


DusiLigR Ducon 
Sochet "Plug 
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ИТ, Durarran 1 1 
Radio Frequency 


Tran sforme + 


Оовліға VARIADON 
Uariable Mica Condensar 
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EDITED BY 
ALFRED N. GOLDSMITH, Ph.D. 


PUBLISHED EVERY TWO MONTHS BY 
THE INSTITUTE OF RADIO ENGINEERS 


37 West 39th Street, New York, М. Y. 


Subscription $9.00 per Annum in the United States 
$9.60 in all other Countries 


GENERAL INFORMATION AND SUBSCRIPTION RATES ON PAGE 679 
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Entered as second-class matter, February 16, 1916, at the Post-Office, | Мем 


York, М. Ү., under the Act of March 3, 187 Сао 
Acceptance for mailing at special rate of rovided for in 100% lé Act of ot io 


October 3, 1917, autho БАР. 1918. 


SINCE 1915—STANDARD FOR ALLSETS 
Offer the utmost in perfected de- 


Made in the great General Electric ң 


C-300—8 Volts 


Detector 


deserved their reputation for сиреп, 


С-301А—6 Branch; CHICAGO вк: x 
veu “ inp І 2 . ae 
mi tinet 
182 Second Street, San Fransisco t 
‚ >> - 


sign and manufacturing skill ee се i 


x Laboratories, these tubes for nine years | A 
as Content 2 
—a lifetime in radio—have consistently | | 


ability M 27 
Knowledge of Cunningham 47592 Мел н 
methods апі policies is the дыз тығы ac PEASE, 
answer to the why and рата 4 
wherefore of Cunningham ЖЕЗ | 
preference. Cunningham’ Tubes” | 
аге covered by. pst. ША: 
Types С-301-А С-290 С-300 ents dated NE Ee 
C-M C-12 2-18-12, 12-3013, 105 К 
23-17, 10-23-17, ап 2 реж 
In the Orange and Blue others issued | ^ — "Ue > 
Carton pending. deu Rr 
Price $4.00. each EC TE. 
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RADIO CONDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 200 standard FARADON соп- 


densers on which immediate deliveries can be made. 
Complete new catalog will be sent on request. 


Wireless Specialty Apparatus Company 
BOSTON, MASS. 
Established 1907 
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Roller-Smith 


Instruments 


А complete line of 315" A. C. 
and D. C. Ammeters, Volt- 
meters and Antenna Am- 
meters for all radio applica- 
tions. 


Send for Bulletin No. K-10 


Roller-Smith Head-Sets 
The Universal Type A. 3000 ohms. 


А real head-set for the man who knows. 


Send for Bulletin No. K-20 


ROLU Measuring and Protective Apparatus | 


(570) 


2134 Woolworth Bldg. NEW YORK 


Offices in Principal Cities in U. S. and Canada 
also in Havana, Cuba. 


As specialists in the de- 
sign and construction 
of Transformers we are 
prepared to quote prices 
and delivery on Trans- 
formers singly or in 
quantity. 


Our Radio Transformers 
are well known for their 
high efficiency and rug- 
gedness. 


ACME APPARATUS COMPANY 


200 MASSACHUSETTS AVENUE 
CAMBRIDGE 39, MASS. 


TRANSFORMER AND RADIO ENGINEERS AND MANUFACTURERS 


I1 


Constant Impedance 


AUDIBILITY METER 


Type 164 


AUDIBILIT Y 
METER 


Price, $36 


The ear alone cannot be depended upon to esti- 
mate the intensity of received signal strength. Some 
auxiliary standard of reference must be used. 


One of the more common methods is to shunt the 
telephone receivers. As the receivers are shunted, 
however, a series resistance of such a value should 
be added to the circuit that the impedance will re- 
main unchanged. 


The Type 164 Audibility Meter is so designed that 
it is direct reading in audibilities, and keeps the total 
impedance of the circuit practically constant. 


Do not guess at your receiving results. Know the 
real facts. 
Send for Bulletin R 


GENERAL RADIO CO. 


Manufacturers of 
Radio and Electrical Laboratory 
Apparatus 
Massachusetts Avenue and Windsor St. 


CAMBRIDGE 39 MASSACHUSETTS 
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High amplification over entire band of sound frequencies. 
Undistorted reproduction at all frequencies, with no one 
high peak of amplification at any point of the band. 
Brass grounded case, with satin nickle finish. Ratio 
3% to 1.; Location of binding posts permit short leads. 


The better class dealers carry Pacent Radio Essentials.. 
Send for complete catalog. 


PACENT ELECTRIC COMPANY, Inc. 
91 Seventh Avenue, New York City 


Pacent Washington Minneapolis Boston бап Francisco 
Chicago Birmingham Philadelphia St. Louis 
«Buffalo Jacksonville Detroit 


RADIO 
BATTERY 
CHARGER 


for use on а 110-volt 
D.C. line. Equipped 
with the famous Ward 
Leonard Vitrohm 
(Vitreous enamelled) 
Resistor Units. Litera- 


ture on request. 


Ward Leonar 


IV 


ТИР, 


REB 


NYNCHROPHASK 


TRADE MARK 


All Grebe apparatus is covered 
by patents granted and pending 


HE high degree of selectivity 
and over-all efficiency at- 
tained in the design of the Grebe 
Synchrophase is rivalled only by 
its rare craftsmanship and tho- 
rough ease of dependable operation. 


Write for literature 


IAN) 


TRADE MARK 
REG.US. PAT. OFF, 


А. H. GREBE & CO., Inc. 
Van Wyck Blvd., Richmond Hill, N.Y. 
Western Branch: 443 So. San Pedro St., Los Angeles, Cal. 
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AMMETERS—THERMO-COUPLE ТҮРЕ 
vs. EXPANSION HOT WIRE ТҮРЕ 


UE to misinformation and lack of knowledge 
of the working principle of the Thermo- 
Couple Ammeter, erroneous ideas have resulted. 


Both the modern Thermo-Couple type and the 
old Expansion Hot Wire Type depend for their 
operation on the heating of a conductor by the 


The Weston Thermo-Couple Ammeters will be 
your choice if your instrument requiremente 
demand: 

Accuracy on both A.C. low and 
high frequencies 


current flowing. 


The Thermo-Couple Ammeter measures elec- 
trically by a D. C. movement and a Thermo- 
Couple welded to a heating strip, while the ex- 
pansion, Hot Wire Ammeter measures mechani- 
cally by the expansion of the hot wire. 


The Hot Wire Type is subject to serious errors 
and sero shift due to the heating of parts, external 
temperature changes, and is sluggish and fragile. 


о sero errors 

No heating errors 

No errors when D. C. component exists 
Can be checked on direct current 


Ruggedness 
High overload capacity 


It will pay you to purchase an Ammeter that 
will meet these specifications—one that is accu- 
rate and dependable and that will last indefinitely 
if used with reasonable care. 


WESTON ELECTRICAL INSTRUMENT CO. 


73 Weston Avenue - m - = = = 
Branch Offices in All Principal Cities 


Newark, N. J. 


STANDARD - The World Over 


AmerTran Accomplishment 


For the manufacturer who conscientiously 
strives to improve his receiver—AmerTran pre- 
sents a sure way to build into his job—the ut- 
most in volume, clarity and tone quality. 


AmerTran is an electrical accomplishment and the 
greatest appreciation of this product is shown by radio 
men who know—and care. 


AmerTran is available in two 
types, AF6 (Ratio 5)-АЕ7 
(Ratio 34). 

Use them by the Pair 


AMERICAN 
TRANSFORMER CO. 


NEWARK, N. J. 


"Transformer buliders for over 
twenty-three years 


AMERÍRAN 
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Che Utmost 


The Magnavox Radio Line 
combines the highest degree 
of efficiency with exceptional 
refinements of appearance. 


EN who are trained in the nicety of precision manufac- 
ture appreciate the infinite care devoted to every detail 
of the radio products leaving the Magnavox plant. 


This high standard of efficiency in design and exactitude in 
manufacture has long been known in the case of Magnavox Radio 
Reproducers—and has been observed in the case of the remark- 
able new Receivers and Tubes. 


Reproducers—For accuracy of reproduction, Magnavox Re- 
producers should always be employed. 


Receivers—The Magnavox Radio Receiver is a new develop- 
ment of tuned radio frequency in which the several resonant 
circuits are all controlled by a single dial. 


Tubes—Both as amplifiers and detectors, Magnavox storage 
battery Tubes give results not obtainable with ordinary tubes. 


Magnavox Radio Products are sold by reliable 
dealers everywhere. Literature sent on request. 


THE MAGNAVOX COMPANY, Oakland, California 
NEW YORK CHICAGO SAN FRANCISCO 


Canadian Distritutors: Perkins Electric Limited, Toronto, Montreal, Winnipeg 
VII 


RADIOLA REGENOFLEX 
in a mahogany finished case wit 
compartments for the dry batteries. 
Including four Radiotrons WD-11; 
and Radiola Loudspeaker. Com- 
plete, except batteries and ап- 
tenna : VA ; oss iD ASI 
Uses only Dry Batteries. 


RADIOLA 
REGENOFLEX 


Tone quality is the greatest achieve- 
ment! It gets big distances. It is very 
selective. It is supremely easy to oper- 
ate. But its outstanding achievement 
is the improvement in reception of voice 
and music -an improvement based on 
new internal discoveries —and resulting 
in new joys of listening in. 


There's a Radiola for Every Purse 


Radio Corporation of America 
Sales Offices: Dept. 2310 


233 Broadway, New York 10 So. La Salle Street, Chicago, Ili 
28 Geary Street, San Francisco, Cal. 


© Radiol 


quality 15 your REG. U.S. PAT. OFF. 
protection 
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“LOW-LOSS” 


Radio Engineers are seeking the best means of 
designing condensers, transformers, couplers, jacks 
and other essential equipment having the least pos- 
sible leaks and losses. This is a development 
which was bound to follow the competitive demand 
for efficiency in operating results. It has merely 
served to bring out the great desirability of lcw- 
loss insulation. 


Many otherwise well-informed persons have been 
accustomed to consider all insulation materials as 
total insulators. Тһе fact that they are not has 
been repeatdly shown in comparative tests. Тһе 
ideal insulation is that material which comes clos- 
est to perfection. Nothing less than that is good 
enough. 


There is ample evidence which proves the out- 
standing value of RADION in comparison with 
other available materials. Eminent disinterested 
authorities have published comparative figures 
which demonstrate this fact convincingly. 


The list of manufacturers who have cast aside 
other materials and adopted RADION is growing 
daily. These concerns sought results and found 
them. We invite others to lay their insulation . 
кореш before us that we may serve them as 
well. 


Success in radio will go to those whose products 
survive the intense weeding-out process of the 
testing laboratory. 


Why not come to insulation headquarters for 
RADION and gain the benefits that RADION 
protection can give? 


American Hard Rubber Co. 


11 Mercer Street New York 
Conway Bldg. Chicago 


RADION 


Panels, Dials, Knobs, Sockets 


AS оғы » 
ake The “Jewell Trio’ 
of Instruments for 
Transmitting Sets 


(Nos. 54-64-74) have a world- 
wide reputation among Ama- 
teurs and Radio Engineers. 


4 Ours is the only line of small 
panel mounting instruments 
having alternating, direct and 
radio frequency currents in the 
same size miniature case. 


Most Dealers can supply you 
with one of our 15-A 
+ 2% Radio Catalogs 
Radio Frequency Ammeter 
JEWELL ELECTRICAL INSTRUMENT CO. 
1650 Walnut Street -:- Chicago 
“25 Years Making Good Instruments” 


Further Adventures of 


BURGESS 


RADIO BATTERIES 


The Shenandoah 
is Equipped with 


Burgess Batteries. 


“АЗК ANY RADIO ЕКСІКЕЕК” 


MacMillan Carried / 
them to the Arctic. 


BURGESS BATTERY 
COMPANY 


Engineers DRY BATTERIES Manufacturers 
FLASHLIGHT - RADIO - IGNITION - TELEPHONE 


General Sales Office: Harris Trust Bldg. Chicago 
Laboratories and Werks: Madison, Wisconsin 
In Canada: Niagara Falls and Winnipeg 
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The Horn Is Matched 
to the Unit! 


Table-Talker tone is true, lòud, 
mellow— because the horn is 
matched to the unit. Тһе me- 
chanical strength of the diaphragm 


is precisely balanced by the weight 
of air in the horn. 


Result—maximum volume without 
a shade of distortion or roar. Soft, 
pleasant tone—always! 


MURDOCK 
NEUTRODYNE 


5100 


with 
built-in 
Loudspeaker 


"TES Murdock Five Tube Neutrodyne is the out- 

standing 1925 model! receiving set. You will be 
impressed by the beautiful tone quality and the rich 
cabinet design. There is space in the cabinet for B 
batteries, and the only accessories necessary are bat- 
teries and tubes. А “Murdock” set is backed by our 
20 years of successful experience in making radio 
apparatus. 


WM. J. MURDOCK COMPANY 


5 506 Washington Ave., Chelsea, Mass. ‘NEUTRODYN: 
"aid si Branch Offices: j qu EAE Е 
New York Washington Chicago men "ng | 

Los Angeles San Francisco Seattle 


MURDOCK 
RADIO PRODUCTS 


Standard since 1904 


АН 


ОА E Crosley Head Phones 
| Better—Cost Less 


yet $3.75 1 


Better -Costs Less A 
Radio 


сүбе 


НІМК of the boundless delight of that dear old 
mother, confined to the house by the rigors of 
winter or the infirmities of age, when she listens 
in for the first time on a Crosley Radio. Imagine the 
joy of the kiddies, when they awaken you Christmas 
morning with the glad tidings that “Santa has brought 
us a Crosley Radio." Then decide to make this a ACA ед 


Crosley Christmas. Model 50, $14.50 
Wit^ tube and Crosley Phones $22 25 


There can be no gift with greater possibilities for 
continued happiness than a Crosley set. It carrie 
Christmas along through the year, continually givinc 
new thrills and happiness, and bringing pleasant 
thoughts of the giver. 


Crosley Two Tube Model 51, $18.50 
Wich tabes ке Crosley Phones $20.25 


It is a delight to operate a Crosley. Тһе immediate 
response to the turn of the dials; the clearness of 
reception from far distant points; the real ease with 
which local stations may be tuned out; all help to 
make Crosley reception distinctive and exceptionally 


pleasurable. The very low cost at which this really ema 


remarkable radio performance can be obtained places 
Crosley sets within the reach of all—the ideal Christ- 
mas gift. 


BEFORE YOU BUY—COMPARE 
YOUR CHOICE WILL BE A CROSLEY 
Crosley Trirdyn Regular, $65.00 


For Sale By Good Dealers Everywhere With tabes ord Crosley Phones $80.75 
Crosley Regenerative Receivers are 


licensed under Armstrung U.S. Pat- 
ent 1,113,149 


Prices West of Rockies—add 10% 
Write for Complete Catalog 


Mail 
This 
Coupon 
At Once 

The Crosley 
Radio Corp n. 
1261 Alfred St 
Cincinnat, О. 
Mail те, free of 
charge. your catalog 
of Crosley receivers 
and parte 


Crosley Trirdyn Special, $75.00 


THE CROSLEY RADIO rr a meh 
CORPORATION E 
Powel Crosley, Jr., President 
1261 Alfred Street 
Cincinnati, O. 


Crosley Owns and Operates Broad 20102. ана», 
: А = ros Tritdyn New , $100.00 
casting Station WLW ӨМ, taba» vad Covey. Мор» 8018.75 бе 
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PROFESSIONAL ENGINEERING DIRECTORY 


For Consultants in Radio and Allied Engineering Fields 


The J. G. White 
Engineering Corporation 
Engineers— Constructors 
Builders of New York Radio Central 


Industrial, Steam Power and Gas 
Plants, Steam and Electric Rail- 
roads, Transmission Systems. 


43 Exchange Place New York 


MONTAGUE FERRY 


38 So. Dearborn St., Chicago 


Radio Apparatus 
Design 


Electrical Testing 

Laboratories Your Card here will be seen 
Electrical, Photometrical by over 2,500 Institute of 
Chemical and Mechanical Radio Engineers members. 


Laboratories Rate: Per single issue.... $ 5.00 
RADIO DEPARTMENT Rate: Per year (six issues) 25.00 


80th Street and East End Ave. 
New York, N. Y. 


To Executives and Advertising Managers of 
Radio Manufacturing Companies 


For over ten years THE INsTITUTE OF RADIO ENGINEERS 
has been the leader in the development and promotion of the 
art of radio communication. During this period it has been 
instrumental in laying the foundation upon which your profit- 
able radio business of today is based and in putting radio 
among the big industries of the country. The PROCEEDINGS 
is the official journal of THE INSTITUTE. As the leading 
technical publication of the industry its circulation 15 steadily 
growing and its enlarged editorial contents becoming more 
valuable with each issue. Therefore representation in its ad- 
vertising pages gives to the advertiser increased prestige and an 
opportunity to present the merits of his prod.cts to a distinc- 
tive radio membership. Fer further particulars, address 


Advertising Manager 
THE INSTITUTE OF RADIO ENGINEERS 
37 West 39th Street, New York 
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ENDORSED 


by radio engineers 


“Your tubes show a greater 
uniformity in their character- 
istics than others with which they 
have been compared. The DV-3 
ismuch less microphonic, and the 
DV-2 tube has a considerably 


lower output resistance.” 


That’s what one expert says of 
De Forest Tubes. Many other 
radio engineers have appreciated 
and endorsed their uniformity of 
excellence. The De Forest Tubes 
are up to the standard their name 
demands. They stand the severity 
of experimental work and labo- 
ratory tests. They deserve the 


leadership Lee De Forest first gave 


them in 1906. 


Agreement isgeneral about this. 
Andthe De Forest Company guar- 
antees its products and backs this 
guarantee with a liberal replace- 
ment policy. No tube can get out 
of the De Forest factory without 
going through a whole series of 
tests andinspections. But the final 


and most significant test of all is 
performance when used by the 
purchaser. 


There are two types, and only 
twoare necessary. They areshown 
below — the DV-3 for dry bat- 
teries and the DV-2 for storage. 
The DV-3 has an average mutual 
conductance of 460 micro-mhos; 
average amplification constant 
(or Mu) 6; plate impedance 13,000 
ohms; a good radio and audio: 
frequency amplifier and a good 
detector in standard regenerative 
circuits. It is remarkably non- 
microphonic. The DV-2 for stor- 
age batteries is made particularly 
for power amplifier work and is 
developed for all usual circuits. 
Conductance 720 micro-mhos; 
amplification constant (or Mu) 
1.2; plate impedance 10,000 ohms. 

These tubes are sold by author- 
ized dealers only and are made by 
the makers of De Forest D-12 
Radiophones and all radio parts. 


DE FOREST RADIO COMPANY 
Jersey City, М. ). 


, ОЕ FOREST TUBES. 


The Magic Lamp`of Radio 


This tube, the DV- 3, con- 
sumes a filament current 
of only 7/100 of an am- 
pere. It operates at a fila- 
ment potential of 3 volts. 


(The DV-32 has a filament 
potential of 4-1/2 volts 
and a filament consump- 
tion of 25/100 of an am- 
pere. 


XV 


Pioneers іп С. W. Radio 


As American pioneers in С. W. Radio, “Federal” has 
built all the high power C. W. stations of the U. S. Navy 
and the C. W. equipment for the air mail stations of the 
U. S. Post Office Department. Its C. W. communication 
equipment and its ‘‘Kolster’’ radio compass are installed 
on vessels of the Merchant Marine, U. S. Navy, and 
U. S. Shipping Board. 


Designers and Builders of 


* Kolster" , Uni-Directional 
C. W. Equipment 282 
Radio Compass 2 kw. to 1000 ім. Transmission and 
Decremeter Reception Systems 


FEDERAL TELEGRAPH COMPANY 


Cable Address: San Francisco, Calif. Factory: 
*! Fedtelco '* Palo Alto, 
San Francisco U. S. А. California 


SAFETY DEMANDS 


BRACH RADIO VACUUM PROTECTOR 
Built to Protect—Not to Meet a Price 


== {| Тһе First Choice of Lead- 
| œ ing Engineers 
Endorsed b National 
Board of Fire Underwriters 


L. S. BRACH MFG. CO. Newark, М. J. 


For Rapio 


WRITE TODAY FOR PRICES AND SAMPLES 


DUDLO MANUFACTURING CORP., FORT WAYNE, IND. 


Pacific Coast Representative 
A. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal. 
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TRADE REG.U.S. 
MARK PAT.OFF. 


“Symbol of Quality" 


OONTON first opened the way to low-loss parts at 
КЕШТЕ low prices. 


BOONTON BAKELITE 


has always meant 


GENUINE BAKELITE 


The first Bakelite parts molded at Boonton in 1909 


Low prices for parts of low-loss insulating material may be 
had in one way only. Specify genuine Bakelite, molded by 
people who started the industry. Their experience— 15 
years—cuts the cost of molds, saves waste of raw materials, 
and guarantees each piece for satisfactory service. 


NEW BOOKLET TELLS WHY—SEND FOR IT 


BOONTON RUELER MG. 
Pioneers in Bakelite Moulding 
822 Fanny Road, Boonton, N. J. 
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atteries 


--Іһеу last longer 


EVEREADY “В” BATTERY 
No, 766 
In the new metal case 


Thirty years of Dry Cell experience and a large 


research organization are back of EVEREADY 
Radio Batteries, 


There is an EVEREADY Battery for every 
radio need. 


Dry Cell *A" Batteries— 
Storage “А” Batteries— 


"B" Batteries for all sets—from the smallest 
portable to the largest permanent installation. 


"C" Batteries for improving quality of recep- 
tion and increasing “В” Battery life. 


Manufactured and Guaranteed by 


National Carbon Company, Inc. 


Headquarters for Radio Battery Information 


New York—San Francisco 
CANADIAN NATIONAL CARBON CO., Limited. Toronto, Ontario 


Super-Ducon 


A Major Radio Invention 


No more B batteries! 


The Super-Ducon is the most important and valuable radio invention 
of the year, It brings many advantages to the set owners, Upkeep 
expenses are cut. No more of the expense and fuss of installing “Б” 
batteries. No more poor reception due to weak batteries, but 100% 
performance all the time! | 


Ask your dealer for a copy of the 16-page Super-Ducon Booklet 


Dubilier | 
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